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PREFACE TO THE THIRB EDITION 


It is only fair to all concerned that the difficulties of book production 
in u artime should be appreciated Harassing delays for ivhich the 
enemy is mainly responsible have dogged the preparation of this third 
edition and it is a tribute to the House of Cassells that it has been 
possible to proceed with the publication in spite of first a serious fire 
and later total destruction of their premises 

Since the last edition death has earned off the foUownng valued 
contnbutors Mr C C Choyce Mr Arthur E Giles Mr J H Just 
Mr L Bathe Rawlmg and Sir John Thomson Walker and dating the 
preparation of tliia edition the hand of fate lias also robbed ns of 
Mr R C Elmshe but not before he had completed the revision of 
those sections for which he was responsible The new contnbutors are 
Mr A J Gardham Mr V E Negus Mr L Camac Rivett and 
Jfr W E M Wardill The book remains a personal one and represents 
the views and practice of the vanons collaborators whose active minds 
and nch experience are thereby made available for the student 
During war years it is difficult to keep in close toucli with world wide 
developments m the realm of surgery though the endeavour has been 
made But the presentation of those methc^ that have stood the test 
of time has been regarded as most important and I would remind the 
reader that a considerable period must always elap«e before it can be 
said that a given modification however striking or spectacular is a 
real improvement rather than a mere change m technique In surgery 
there can be no finality but none the less methods that have proved 
tlieir v'alue are not likely to be readdj dispheed from current practice 
Let me also point out that this book deals only with the operative 
part of surgery and that a general knowledge of wounds and their 
management is assumed Many sections have been completely 
rewritten and all have been thoroughly revi ed while there is a 
considerable increase in the number of inustrations 

In a work of this sort it is diflicult to avoid a certain amount of 
repetition but this is sometimes deliberate to spare the reader the 
necessity of frequent reference to some other part of the book 

As editor may I say that on the few occasions when I have found 
myself m disagreement with the authors I have not cared to weary 
the reader with dictatonaf footnotes f have myself shared the 
heavy task of reading the proofs so that I am equally responsible 
for any errors that may have crept mto the text Aly warm thanks 
are due to the contributors who have helped so manfully m bringing 
out the work It is a pleasure to tliank "Ifr Ernest Allies once again 
for revising his description of the abdommo penneal operation for 
rectal cancer I am also obliged to Miss J M Collmson who has 
been responsible for the new illustrations in my ow n sections Finally 
may I express the hope that this edition will not be considered un 
worthy of the great ’blaster m Surgery to who«e mtmorj it has been 
dedicated 


G Gm-V ruRNLif 



PREFACE TO THE FIRST EDITION 


This %\ork js an attempt to present to the Profession an authontative 
sur\ey of the whole range of modem surgical operations My aim, 
as Editor, has been to exclude operations which have lost their use- 
fulness (and this includes some classical operations), and among new 
operations to include tho«.e only which have proved their value It is 
possible that among tlie new operations left undescnbed are some 
which are destmed toattam permanency , but it i:> the greater wisdom 
‘ to prove all things 

Modern Oper.vtive Surgery makes its appeal primarily to 
Surgeons who desire to be informed as to the detailed technique of 
modem operations and at the same time it seeks to place before them 
the reasons for the choice of each operation, wnth such details of the 
preparation and after treatment as ma> conduce to a successful result 
Special care has been taken to deal with diiBailt)e» and dangers arising 
dunng the operation or afterward* and efiorts have been made to 
collect results from manj sources 

In 3 composite work such as thi* it is difficult absolutely to avoid 
overlapping but this has been reduced to a minimum, nor will more 
V anation be found in mdiv idual opinion and method than is mev itablc 
I gladly acknowledge the readiness of my coUaboratois to -adopt 
suggestions made vnth a view of securing as far as possible proportion 
of scale and uniformity of treatment 

I also render grateful thanks to many colleague* and fnends for 
assistance and individual reports and m particular to Sir Berkeley 
Moynihan Mr James Shmen and Mr \V E Miles in this country , 
and to Drs W J and C H Mayo and Dr Downes in America 

H \Y Carson 


Vlll 



PREFACK TO THE SECOND EDITION 


The aim and scope of this work were admirably stated in the preface 
to the first edition and it has been my cndeai our to adhere to them 
The lamented death of H W Carson left the arrangements for the 
present issue in active preparation The general plan of the work was 
to remain the same new sections on Radium and the Surgery of the 
Sympathetic System w ere to be added and new authors had been found 
to revise the sections for which Mr Richard Warren and the late 
Mr Hamilton Drummond had previously been responsible It was at 
that- stage that I undertook the duties of Editor and I am glad to 
acknowledge the cordial help of the contributors of the artist and of 
the publishers To Mr Ernest Miles I am also grateful for agam re 
vising the account of the abdommo penneal method of excision of the 
rectum I am indebted to several colleagues for their help and 
especially to Mr James Whillis F R C S Lecturer m Anatomy m the 
University of Durham for most valued help and cnticism and for much 
laborious work in proof reading 

As Editor I have tried to keep m \iew the requirements of those 
who are commencing the practice of operative surgery to whom I 
trust the work will continue to prove a safe guide 

G Grey Turner 

July 19S4 
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MODERN OPERATIVE SURGERY 

EDITOR'S INTRODUCTION 


It is a commonplace to say that the days are over when operative 
surgery was entirely a matter of dextenty and speed m wielding the 
knife, but It becomes more true year by year for the art has now passed 
into a phase when many of the more important operations can only 
he described as deliberately slow and painstaking Spectacular surgery 
IS not necessarily bad surgery, but to operate by the clock should never 
be made a cult nor looked upon as an ideal The measure of sutgical 
skill must alw ays Se efficiency rather than speed The proper operation, 
cien if clumsily performed, ts much more likely to be successful than the 
wrong operation, however bnlltanlly executed This statement pre- 
supposes the importance of recognizing the exact indications for 
operation and is an illustration of the old truism that ‘ w ithout 
forethought there can be no precision ' 

^VhlJe It would be foolish to den> that the purely technical part of 
surgery has reached a high state of development it is surely more foolish 
to suppose that the future has no advance in store But, m spite of the 
position of operative surgery to day, even m the most favourable 
circumstances the expenenced sui^eon must marvel at the recuperative 
powers of the human body and must ever be grateful for the vis 
mcdicairix naturcc 

Successful surgery is founded upon accurate diagnosis — ^The cases in 
which difficulties arise both dunng and after operations are usually 
those m which^it has not been possible to make a reasonably accurate 
diagnosis Expenence soon teaches that there is wide latitude in the 
apjihcation of the curative measures which may be required m any 
particular circumstance This is very w ell illustrated m the treatment 
of tuberculosis of bones and joints lor most surgeons will agree that, 
given suitable surroundings and the opportunity for the necessary con- 
tinuity of treatment regardless of time, conservative measures will cure 
practically all cases At the same time if these conditions cannot be 
obtained, then it may be perfectly justifiable to operate An operation 
may be the most important factor in the management of one case 
whereas m another it may be merely an incident Again, it may be 
wise to divide the necessary operative procedures into stages This is 
well exemplified m the surgery of the large bowel, for it has been 
abundantly proved that if obstruction is first dealt with by drainage 
of the colon, the mortality of subsequent operation for removal of the 
2 1 
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cause IS halved Modem djagnostjc methods often indicate operations 
to be successful Avhich lormerly \sould have been regarded as 
unjustifiable Many neurological proceedings come under this head 
The refinement of the operate e art has also much to do i\ith the 
enlargement of the surgical field for hy careful preparatory treatment 
the management of the operation itself and skilful after treatment 
contra indications have been notably lessened This is i\ ell illustratetl 
by operations for herma In these days there are practically no contn 
indications unless indeed it be chronic cough ivhich has defeated all 
treatment ^^^th adequate preparation and special methods of 
anassthesia and after care conditions like albummuna diabetes and 
cardiac disease are no longer looked upon as necessarily contra 
indications Technical advances such as the application of Ining 
fascial sutures ha\e also made it feasible to deal uith ty^ics of hemn 
which in the past i\ ere looked upon as totally unsuited for surgical 
intervention 

But the mere existence of some condition which is often successfullv 
treated by operation does not neces‘yinly mean that this treatment 
should im ariably beapplied Thispointiswellillustrated by duodenal 
ulcer a disease which yields to medical management :n so many cases 
that it IS unnecessary to consider operation unless (i) adequate medical 
measures fail to bring relief (ii) the symptoms recur after a period of 
relief (in) the patient is unable to maintain stomach health in the 
en\ironment m which he must earn a living or (iv) there arc signs 
of some complication like h'emorrhage or pyloric stenosis 

The Influence of age on the question of surgical intervention is 
sometimes great NVhen an operation is the only effective treatment 
it must be performed even at the extremes of life Both the very 
young and the very old normally recoaer well from the inevitable 
trauma but the aged are intolerant of inflammatory complications 
and long-^lrawn-out convalescence is a serious hazard For this reason 
It IS necessary to operate early in abdominal emergencies in old people 
and unwise to follow the usual practice of trying to avoid operation 
until it is quite inevitable • 

Operability is closely bound up with the indications for interference 
The object of surgery is to save life or to relieve suffenng and the 
magmtude of the undertaking which may be required depends on the 
situation the extent and the stage of the disease \\Tien the disease 
IS exlensiv c or the condition of the patient precanous then the boldest 
may often be deterred from some undertaking which can only bo 
carried out with great hazard to the patient and anxiety to those in 
charge At the same time when there is no other prospect of cure 
or relief the nsk ought to be taken for it is not good practice to deny 
thepossiblebencfitswhichonly an operation may offer Tliosc surgeons 
whose operability rate is the highest must needs have a heighlent^ 
mortality but it is the price that must be paid for many of the great 
tnumpbs of surgerv 



PREPARATION FOR OPERATION 3 

Tliere are occasions when both patient and operator may have to 
realize that 

" Th’ abyss is worth a leap, however wide. 

When life, sweet life, is on the other side " 

The probable results of surgical intervention must be assessed in 
relation to its limitations For mstance, when the radical operation 
for breast cancer can be carried out before the lymph nodes are involved, 
the expectation of cure is probably over 80 per cent whereas when the 
nodes are involved the percentage falls to something like 80 and no 
extension of the scope of interference can bridge the gap Similarly, 
the behaviour of cancer of the stomach is so different from the same 
disease m the large bowel that the earliest and most thorough operation 
is only too likely to be followed by a return of gastric disease within a 
few years, whereas m the large bowel lifelong freedom from recurrence 
may be expected m very many cases Eradication of tuberculous 
disease of the knee with a resulting stiff joint after excision is surgically 
satisfactory, though the result may disappoint the patient unless he 
has been warned 

TIic preparation of patients for operation is now recognized as a 
matter of the greatest importance The late Lord Moynihan often 
used to say “ Surgery has been made safe for the patient , let us 
now make the patient safe for surgery ” In this matter the worst 
feature is that unseemly haste which is so often forced on the surgeon— 
sometimes with most unfortunate results— by the limitations of hospital 
accommodation This is a very important matter for the community 
at large, but there are already indications that hospital accommodation 
will before long be extended until it is adequate to meet the public 
need 

The question of where an operation should be carried out is usually 
easily settled, for, m the great majority of instances, it cannot be 
doubted that a suitably equipped hospital, whether public or private, 
IS the proper place The remarkable development of transport in 
recent years has done much to solve this problem At the same time 
there are some emergency operations on the aged^ or those particularly 
apprehensive, which can be more safely earned out in the patient's 
ow n surroundings To dimmish the psychological shock by keeping 
the patient at home is sometimes just sufficient to make the balance 
come down on the nght side Unfortunately, the younger surgeons 
arc often at a loss when called upon to make the necessary preparations 
for an operation m a pn\ate house, but this ought to be part of the 
education of every surgeon Since most operations are now done in 
hospitals, either public or private, the first step m preparation is the 
acclimatization of the patient to the ordeal of the strange surroundings 
To get the best results, thesurroundingsshould be suited to the tempera* 
ment, and when that is not possible tlie time required to get patients 
accustomed to the unusual environment iswellspent This is admirably 
illustrated by the problem of toxic goitre, for few hospitals hav e enough 
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accommodation to nurse these patients alone and the uisdom of the 
alternative plan of getting them accustomed to the general wards for 
some da>s ^fore operation has been amplj proved 

The condition of the Ipngs and the cardio-vascular system must be 
carefullj estimated It is espeaally important to re examine the 
chest between two stages of an operation as some slight disturbance 
following tlie first intervention ma> be aggravated bj further mhala 
tion an'Esthesia No genera! ancesthetic should ever be given to a 
patient with a cold or mfection in the respiratory passages 
Operations should preferablj not be earned out during the menstrual 
penod but if delay w lU be detnmental this prohibition need not be 
absolute Extensive breast operations however should be avoided 
during the congestive stage that often precedes the period for 
haimorrhage may then be very troublesome or even senous 

Tlie next important point is to attend to the ordinary bodily functions 
and without being too drastic to see that the bowels are properly 
emptied and that the excretion of urine is normal Some degree of 
renal insufficiency is much more frequent than is often suspected 
Sleep and nourishment are also essential It is well to remember that 
special preparation is always necessary mdiabetes thy roid intoxication 
and established jaundice The measures are detailed in the vinous 
sections 

Anxmia has an important bearing on operation and should be 
treated beforehand The happiest augury is when the patient can 
repair the blood defect by natural effort assisted by nutnment and 
drugs but when the blood forming mechanism is at fault or there is 
not time to wait because of the ravages of disease then blood 
transfusion as a prehtnmary is valuable Before any operation at 
which considerable blood loss may be anticipated it is wise to determine 
the blood group m advance and to have available a suitable donor 
or blood from a bank Efforts have been made to raise the resistance 
to infection by v accines but they cannot y cl be said to hav e prov cd 
tlicir efficiency Stmlization of the alimentary canal the urinary 
tract and — to a le^er extent — the tissues generally by medication 
IS likely to prove of value If the stomach tube is likely to be 
necessary after operation il is a good plan to have it passed once or 
twice beforehand in order that the patient may get accustomed to 
what might othcnusc prove an alarming ordeal 

Anicsthcsia becomes of ev cr increasing importance not so much 
by the extension of the scope of operations but because the net is 
spread so much wider and now contains so many cases which would 
previously have been considered unjustifiable risks Local ana;stliesia 
IS invaluable and has Jong since ceased to be limited to minor surgery 
Tlierc arc very few operations which cannot be conducted under 
some typ>c of local anaisthesia if the surgeon is trained not only in 
technique but in patience It should be part of the education of every 
surgeon to carry out a senes of major operations under local anasthesia 
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su that he may e\ercise those qualities, and learn especially the im- 
portance of gentle handling of both the patient and the tissues Spinal 
ansesthesia appears at last to be finding its proper scope As in many 
other problems it is the simplest plan which has weathered the storm, 
and drugs such as percaine, used in bulky solutions, are proving most 
satisfactory But it should never be used without the greatest care 
and without weighing up the requirements of the case Of general 
anesthetics there is now a mde choice, and various meth^s are 
equally useful and interchangeable m different hands That is to say 
that one accustomed to use the gas oxygen ether sequence may get no 
more perfect result than one who is equally expert w ith some other 
combination 

Anesthesia preceded by sedative drugs has been m vogue of Tecent 
years, and has been so generally successful that premedication now plays 
an important part m the problem of securing the best anassthesia 
Combined local anesthesia diminishes the amount of general anes- 
thetic that need be used, while spinal anesthesia as an auxiliary 
will sometimes provide just that sufficient relaxation which might be 
unobtainable under general aruesthesn alone Cnle did a great deal 
for operative suigery when he enunciated his idea of anoct’assoctalwn, 
but the creation of the atmosphere which the name implies should 
really begin when the patient and suigeon first come together, and be 
further developed as they acquire that easy confidence in each other 
that augurs the most successful association for both Everything that 
may hurt the patient, not only physically but mentally or even sub- 
consciously, must be eliminated uut the question of the anesthesia 
to be used should always be settled m consultation between the surgeon 
and the anesthetist, for this makes for the happiest result for both 
patient and operator 

The general technique used m operations is now so well established 
that there would be little excuse for mentioning this matter unless 
some question of principle w as involved But at the present time w hen, 
even in big centres the norma! arrangements for sterilization may be 
suddenly interrupted by enemy action, or those without special training 
may be thrmrn into surgical work by the national emergency, occasions 
may arise when guidance will be of value It is ordinarily assumed that 
operative work can only be properly carried out by the so-called aseptic 
technique, in special theatres with the complete armamentarium for dry 
sterilization and all else that this involves In many clinics the aseptic 
principle is rigidly carried out, and only those actually engaged in the 
operation are allowed m the theatre, spectators being condemned to 
MOW the proceedings through glass screens, often a considerable 
distance from the operative field For the purpose of demonstrating 
operations this is not satisfactory, details cannot be obser\ed and, 
even w ith the aid of loud speakers, it is not easy to explain the various 
steps It IS perfectly true that the dry aseptic technique is efficient 
and much more pleasant both for the surgeon and the patient, but it 
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does lack a factor of sifctj ^\hlch the u«e of anti:>eptics undoubtcdl) 
pro\adcs WliiIc using the aseptic technique I al\Na\'b seek the 
protection of an antiseptic in so far that the glo^ed hands arc 
sluiced from time to time m 1/1,000 bmiodide of rncrcur)' solution 
But whatever method is emplojcd as a routine, all surgeons ought at 
least to know the essentials of an antiseptic tcdimque especiallj at 
the present time I consider m)seJf fortunate to have been brought up 
surgicallj in the days when the only protection from orgamsmal 
invasion depended upon antiseptics used m solution From an e\- 
penence of this tcclimquc over a penod of several years I acquired 
absolute confidence in the measures then employed \\lien the 
antiseptic system is thoroughly understood and earned out carefully 
in all its details operations can be performed with safety m any' 
ordinary surroundings and mucti of my carherwork was undertaken 
in the small houses of the industnal workers of Tyneside Healing 
was satisfactory and complications from infection scarcely ever 
occurred 

Anything that can be boiled in water can be rendered sterile, but 
it IS also important to realize that tlie same end may be attained by 
the intelligent use of antiseptics If for instance, dry sterile towels 
are not av ailabic ordinary towcU as they come from the laundry, can 
be sterilized by soaking for not less than half an hour in any of the 
reliable antiseptic solutions sucli as 1/1 000 pcrchlondc or bimodide of 
mercury, 1/20 carbolic or mixtures of these There arc other anti 
scptics such as dcttol crcsol and ly'sol, which arc also effective though 
not quite so pleasant and sometimes more expensive But, whatever 
the solution it must saturate every part of the towels to be stenhzed 
and to ensure this they must not m folded too tightly and must be 
squeezed out at least once while soaking WTien the tow els are required 
they must be Ihoroiighly wrung out and can then be used like diy' 
sterile towels except that they must be laid over mackintoshes or 
jaconet or other thick dry towels to protect the patient's skin from 
the wet and the strong antiseptic In circumstances of great stress 
when there is a shortage of dean towels and there is no time to have 
them properly washed they can be nnsed thoroughly m ordinary water 
and can ihen be soaked w tbc SDh'^ptfC scOnlJon and used 

again wiUi little likelihood of harm It is unpleasant and fortunately' 
unnecessary to put on a gown «oakcd in this way, for an ordinary 
clean dry gown or apron from the laundry can be protected by' 
pinning an antJ'y?ptic towel over its front Indeed, if due care is 
taken an onlmary unstenhzcd gown is not necessarily a source of 
danger provided always that what is to go into thewound is not allowed 
to come into contact with it With the antiseptic regimen, face 
masks arc not essential but if considered desirable, they can l>e made 
of the plain dry gauze as supplied by the manufacturers without 
sterilization 

Gauze swabs may also be rendered safe by immersing them m an anti- 
septic solution inwhicli they can be kept and can be wrung out iii boiled 
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water to dilute the antiseptic before touching the wound But by 
whatever method the swabs are prepared it is essential to have some 
scheme to avoid the nsks of leaving them in a wound I have always 
relied on countmg in units of five, and no distinction is made between 
large and small mops and swabs or strands Thus the nurse must 
never put out less than five mops of any sort, and any additions must 
always be made in fives . that basic unit is never broken The number of 
s\\ abs IS counted by two nurses before the operation, and written down 
Any further mops required during the operation are counted by the 
same two nurses and added to the list and at the conclusion of the 
operation the same pair of nurses are responsible for the final count 
As an additional safeguard it is a good plan to have sewn to each mop 
a tape w hich is left outside the wound and is identified by attaching 
an artery forceps to it If the surgeon is working m an emergency, 
perhaps with only one nurse, the mops must be counted and checked 
between them, the unit of five being strictly adhered to But there 
is no emei^ency, at least m abdominal surgery, in which this matter 
can be left to chance 

Gloves are usually dry sterilized and this is the most convenient 
and economical method, but they can also be boiled Tor this to be 
effective the inside must be thoroughly wet and the gloves should 
be loosely wrapped in lint or cloth before boiling They can also be 
rendered sterile by complete immersion m an antiseptic solution for 
not less than half an hour, but care is necessary to ensure that the 
solution comes into contact with every part of the glove, both inside 
and out and they should be loosely wrapped in Imt or cloth which 
soaks up the solution The young surgeon might be reminded that 
gloves are a comparatively modem innovation, and that, provided the 
hands are carefully and thoroughly washed and soaked m an antiseptic 
solution for several minutes and from time to time, operations can be 
satisfactorily earned out without them But in these circumstances 
the surgeon must not only exercise scrupulous care in washing and 
soaking the hands, but he must at all times protect them from un- 
necessary infection and keep the skm as smooth as possible It is 
sometimes forgotten that all the pioneer work, not only m abdominal 
svTgei}’ ixii ih!> sargeryi t>S hemes sjtd jtymts, was done wjfhraif the 
rubber glove With the exercise of great care the results were excellent, 
but wound healing without infection was not so uniform as can be 
expected when gloves are used 

In operations that are not emergencies the skin of the patient is 
usually prepared, after careful washing and shaving, by painting with 
iodine or one of the dyes, Bonney's blue or brilliant green being 
favourites I have long preferred a solution of picric acid in 1/20 
watery solution of carbolic, in this preparation the picric is m a 
strength a little less than 2 per cent Tlie carbolic is relied on as the 
antiseptic, but the picric stains the skm yellow and thus indicates the 
area prepared In emergency or when the skin is much soiled from 
garments or road or factory dirt, it should be prepared by w ashing w itli 
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Bipp, appbed round about, is an additional factor of safety Mercunal 
preparations must not come m contact uith this substance so that dry 
gauze or gauze soaked m spirit or carbolic should be employed 

The general protection of the patient against infection lias been 
attempted from time to time and the value of chemotherapy is again 
being explored Preparations of the sulphonamide group administered 
by the mouth are being used \\ith a certain amount of encouragement 
These substances are also being applied to the exposed surfaces of the 
tissues especially m injury In deliberate surgical interventions this 
step can seldom be mdicated but if considered necessary, it can be 
employed without interfering with healing 

Thoroughness m surgery is of the utmost importance, for any lack 
of attention to detail can seldom be made good by subsequent manage- 
ment Of most operations it can be truly said that the patient’s 
best chance lies in the first intervention This can be well emphasized 
by reference to the radical cure of inguinal hernia, for in this operation 
all the steps may be carried out according to classical description and 
yet fail for lack of thoroughness m execution Often, too little care is 
taken to isolate the parts about the neck of the sac sufficiently 
thoroughly and the ligature is applied while that structure is relaxed 
and lunp For a good radical cure the sac must be ligatured off at 
the highest possible point, and m order to do this thoroughly not only 
must the external oblique be divided to well above the internal nng 
but the sac, having been separated from the structures of the cord, 
must be steadily and firmly pulled upon while the parts about its neck 
are isolated by gauze stripping It is essential that the sac should 
then be kept taut while the ligature is applied to the highest point 
If this step has been properly earned out then after the sac is cut 
away the ligatured stump should retract into the extra-peritoneal 
tissues, well out of sight When recurrence follows an operation for 
oblique inguinal hernia it often occurs just near the pubes and really 
represents the development of a new direct hernia rather than the 
re forming of an oblique inguinal sac This is often due to incomplete 
closure of the extreme inner end of the canal at the onginal operation 
To guard against such a mishap the sutures must be inserted right up 
to the inner end of the canal and, indeed, the terminal stitch should 
be passed between the conjoined tendon and the attachment of 
Poupart’s ligament to the penosteum of the pubes If these points 
do not receive careful attention the result is apt to fall short of complete 
success 

In operations for malignant disease thoroughness is especiall> im- 
portant and the surgeon should not undertake this treatment unless 
he feels convinced that it is the best possible method for that particular 
case The aim which must always be kept m mind is the rctnoial of 
the xchoU of the affected part, together with a ittde area of healthy tissue 
and the path of probable vxahgmnt imasion To define the extent of 
the " wde area ' maj be difficult and it is not al^aj s possible to take 
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a^\ay the whole “ path of probable invasion," but this conception of 
the aims of the operation is a most helpful guide \\'hene\ er po'^ible, 
such an operation should be earned out en bloc The treatment of 
pilonidal sinus has often been a reproach to surgerj entirelj on account 
of lack of thoroughness m its operative remo\al It must first be 
realized that, in order to be sure that none of the secreting epithelium 
of the wall of the sinus is left behind, it is necessary, torcmo\‘e a con- 
siderable amount of the tissues all round This means taking awaj 
an elliptical area of skin and subcutaneous tissue surrounding the 
sinus To ensure that this rcmotal is sufficient!} tliorough on the 
deep aspect it is necessarj to remoie the tissues down to the pen- 
osteum of the sacrum As a result of this complete ablation a 
considerable crater is formed Sometimes the edges can be brought 
comfortabl} together bj sutures, taking a wide grasp of the skin and 
subcutaneous tissue, but if there is too much tension the wound must 
be left open, looselj packed with gauze and allowed to heal by granula- 
tion Complete cicatrization takes place in a few weeks, but the 
reward of this thorough treatment is pennanent cure 

But thoroughness m carrying out operations will often be robbed 
of success unless the same effort at completeness is applied to diagnosis, 
preparation and after care 

In the actual condact of operations the present tendenc> is to do with 
fewer assistants, to pa} greater regard to illumination, to use the 
tissues gentl} and kincll} and to take scrupulous care that blood losS is 
reduced to a minimum The care of the patient on the operating-table 
IS ver} important, and it is essential not onlv that he should be kept 
warm, but that he should not be o\er-heated or covered with 
mackintoshes, which cause profuse perspiration 

In most major operations the blood pressure should be recorded 
throughout A sudden fall or a gradual detenoration to the neighbour- 
hood of lOO s) stolic are both indications for intravenous saline, which 
can be follow cd directl} with blood, if ncccssar} ^\’he^• some degree of 
shock IS expected it is a good plan to have the intravenous needle 
inserted and the apparatus connected up at the outset of the operation 
Caution must be exercised m changing the position of patients under 
an.'csfhesia, especiaCDy il any degree ol sbocXIias developed. Any sucli 
cliange should be made slowly and gently and a little time should be 
allowed for natural adjustment before the operation i> resumed In 
operations on the brain or anv severe operation it is a wise precaution 
to remember the physiological pnnaple of the “summation of im- 
pulses ’ and to give the patient a rest by interrupting the operation 
for fiv e or ten minutes This may be done more than once in any \ cry 
long intervention 

^me surgeons prefer only dayliglit, while others prefer wholly 
artificial light, and between the two there are many gradations Tins 
IS not a matter for dogmatism 

The after-care of operation cases is most important but the special 
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management which may be necessary after the individual operations 
IS considered m the various sections, and only general observations 
are made here Just as the young su^eon should carryout some major 
operations under local aniesthesia m order to learn gentleness m 
manipulation, so he should consider it a bounden duty to care for 
his patients after operation, in order to acquire that intuition which 
tells him when progress is satisfactory or otherwise Tlie general 
appearance of the patient often furnishes most important information, 
and the surgeon should cultivate the art of observation in order to 
learn to appreciate the small things which may prove such valuable 
indications of general progress Operations properly indicated, 
adequately prepared for, and carefully performed at the proper time* 
are not usually attended by much anxiety during convale'^cence, but 
conditions vary, and the surgeon must be able to deal with discomforts 
as they arise In the immediate after-care it is well to remember that 
the pain of returning sensibility will have to be treated by drugs, of 
which morphia is stiU by far the most generally satisfactory and useful 
The pain that pemists longer than twelve hours, or that recurs after 
relief during that penod, is probably due to some cause that can be 
determined and removed It may be a tight bandage, a distended 
bladder, or flatulent stomach or intestine, and each of these reciuire 
adjustment rather than disguise by further narcotic medication Both 
m preparation and after-treatment the stomach tube is mvahtable, 
and continuous dramage by Ryle’s tube is proving very useful The 
desire to keep up the fluid intake by intravenous or even rectal 
administration may be overdone, and the sooner the patient can 
receive a satisfying amount of liquid by the mouth, the better 

Cough may be protective and should not be hastily stifled by drugs 
In the early postoperativ'e stages an accumulation of more or less 
tenacious mucus or muco purulent sputum sets up the cough reflex 
As pain, often severe accompanies the effort of coughing, the patient 
endeavours to prevent it and m consequence the bronchial tree tends 
to become loaded with secretion , and complications from infection, 
such as bronchitis or broncho pneumonia, or from mechanical blockage, 
like lung collapse^ are apt to follow The proper treatment is to assist 
the patient to empty the bronchi by supporting the area of the wound 
by firm pressure with the flat of the hand, while the patient is en- 
couraged to cough , if this IS done every few hours it is most helpful 
Sometimes drugs which stimulate coughing and soften the bronchial 
secretions may also be required 

It IS because early \omiting and coughing do put a strain on 
abdominal wounds that a firm bandage, sometimes with additional 
elastic support, may be so helpful Sometimes such a bandage, applied 
under ancesthesia, may prove too tight and may interfere with the free 
movement of the lower chest and abdomen It should be the rule 
to examine the bandage each morning and to adjust it as required 
At the expiry of a few days such a bandage may usually be discarded. 
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the dressing being fixed with strapping or even dispensed with 
altogether 

Vomiting that persists after the firet few hours should prompt 
enquiry as to its cause and of course it is of the greatest importance to 
examine the vomited material from time to time When intestmal 
peristalsis recommences vomiting will usually cease though there are 
some patients in whom it persists for two or three days If not \erj 
troublesome no treatment other than absolute quiet is necessarj the 
patient should not be disturbed If persistent and distressing copious 
draughts of very hot w ater or half a glassful of w ater w ith a teaspoonful 
of bicarbonate of soda or stomach washing will usually bnng relief 
Intestinal torpidity renal insuffiaency or pancreatic insufficiency are 
all factors that may have a bearing on continued vomiting Intestinal 
movements maj be encouraged by rectal enemata subcutaneous 
injections of strjchmne pituitary extract small doses of calomel 
viarmth inhalation of nearly pure oxjgen the use of stimulants or 
induced sleep \Mien it can be tolerated nutriment by the mouth 
especial!} if desired by the patient does more than anything else to 
encourage intestinal movement In those patients who remain sick an 
intravenous glucose saline dnnk may do a great deal of good 
Abdominal distension whicli unduly persists strongly suggests mtra 
abdominal infection Drastic purgatives should be avoided but if the 
tongue IS very dirty and the breath foul a full dose (one ounce) of 
castor oil is often most effective Should the patient be nauseated 
by the oU or dislike it too much then two or three grains of calomel m 
divided doses (half a gram every half hour) may be effective but its 
action may have to assisted by a saline draught or an enema In 
most cases a glycerine enema will often start bowel movement It 
may be a great help to allow elderly or nervous irritable subjects to 
get up on to a commode and this does far less harm than harassing 
them w ith repeated purgativ cs or enemata 

Retention of urine is not frequent m these days In most cases it 
can be met by an easy rather amly -expressed confidence on the part 
of thosc in charge The talk or threat of cathctenration often makes 
matters worse The pnvacy of a screen around the bed change of 
position pressure over the pubes or getting up on the knees or qven 
getting out of bed arc all better expedients than the hasty use of the 
catheter Doryl or its substitute is often effective The need of care 
in cathenzation cannot be overstressed 

Sleeplessness is not to be treated only by drugs for a careful con 
sideration of all the circumstances may give a clue to its management 
Hunger is not an uncommon cause The more the conditions in which 
the patient usually sleeps can be imitated the more successful wall its 
management become Anxiety about the operation is often a factor 
and a few words of encouragement may work wonders But full 
explanations should be reserved for later days Nothing can do more 
good than to be able to say all w’as successful or every thing went 
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well,” but to have to say “there is no need to Nvorry, >ou will be told 
all about it m a day or two ” will often produce the desired calm 
JIany patients suffer much anxiety because they are unaware that 
some pam and distress are to be expected, and once they are assured 
that it IS quite natural they endure with patience After any serious 
operation the patient should be encouraged to sleep at any time . it is 
wonderful how refreshmg even a short snatch may prove Besides, 
sleep IS a habit and nature's promptings should be followed There 
IS no greater foU> than to suppose that by fighting sleep throughout 
the day its comforting embraces will follow naturally when night arnves 
If some medicine is necessary it is a golden rule never to use opiates 
except for the relief of pam and the simplest drugs that w lU suffice 
are always the best 

There has been much discussion on the question of when to get patients 
out of bed after operations Every operation is an ordeal and the 
seventy of that ordeal does not depend onlj upon the particular 
operation but on the reaction of the particular patient Most patients 
really require a rest of two or three weeks m bed after any operation 
of magnitude, and it is usually appreciated If the patient is not 
doing well it may be w-ise to get him out of bed as a therapeutic 
measure during the early days, but this is seldom indicated With 
some surgeons early nsing for their patients — within two or three days 
of operation — is a cult, and deliberately earned out as a means of 
hastening convalescence This practice has never become popular m 
this country, but the fact that patients who do get up early often 
make very good recovenes at least teaches us that there need be no 
hesitation m adopting early rising if it is likely to be an advantage 
in any particular case 

While the immediate after care demands close attention, the remote 
after-care, though in a different category , is none the less important 
After gastro intestinal operations, for instance, the care of the teeth, 
the regulation of the diet and of the habits of life are all matters of 
moment and may have great beanng on the success of the operation 
For malignant disease most surgeons are conscious of the difficulty of 
deciding whether measures designed to guard against recurrence, such 
as postoperative irradiation, are really helpiul, or whether they may 
not do harm by focusing the attention of the patient on the unfortunate 
possibilities Some plan of prophylavis is very desirable, but it may 
well come through some form of hajmotherapy rather than the local 
means at present m vogue 

The long continued observation of patients after operations is a 
valuable means of assessing value Some sort of follow up scheme is an 
essential part of any properly organized surgical service 

The causes of mortality after operation deserve very careful con 
sideration The most disquieting are the sudden deaths, some of 
which are not to be explained even after the most careful post-mortem 
scnitmy Pulmonary’ embolism is still to be feared as a v isitation, and 
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it IS questionable if the dramatic results which ha\e on rare occasions 
attended its surgical treatment will do much to dimmish its general 
mortaht} Evidence is accumulating which rather goes to show that 
a less stnet postoperative regime is probably helpful in prophyla\is 

It must be admitted that pulmonan complications occur in about 
10 per cent of all operation cases and this figure is much higher for 
upper abdominal operations These complications account for a con 
siderable number of deaths and their prevention and management la 
therefore especiallv important 

The effect of chronic infection on the heart-muscle is ver} important, 
and manj so^alled cardiac failures are due to this cause, some sort of 
infection having been in existence for a long time, producing its 
deletenous effect unsuspected and unchecked 

Nothing has done more to reduce surgical mortality than careful 
and timelj preparation but this must be supplemented bj the most 
ngid attention to the details of operative technique and constant 
vigilance m after-care 

The general mortalit> rate of the various operations is dealt with 
m the sections It ma^ here be remarked that the publication of 
cKtraordinajilj low figures m works on surgerj is likely to do harm 
rather than to prove a stimulus to further effort Such figures some- 
times strain veracit> to the breaking point and mas even bnng ridicule 
on surgery All deaths which occur in hospital after operation must 
be counted as operative deaths, irrespective of the cause Tlie acid 
test Is the outlook of the relatives, who not unfairly reduce the matter 
to the simplest terms when the> comment that “ after the operation 
the patient died 

Operations in the presence of some other disease — Surgical inter- 
ference ma> be necessarj in diabetes During recent }ears the use of 
insulin and clo^r attention to the diabetic state has much improved 
the outlook Ev en when the operation is an emergency , the appropriate 
measures for the control of the diabetes must be brought into use 
immediate!) Though the most important matters are diet and insulin, 
the need of free movement of the bowel and a plentiful suppl) of 
fluids must not be ov erlooked The selection of the aniesthetic is most 

whenever it will fulfil the indications spinal anaesthesia should lx, 
selected local anxsthesia should be avoided if tliere is infection 
WTien the operation is one of election the indications muat be closel) 
scrutinized for diabetics — espcciallj when joung — are poor subjects, 
and operations should never be undertaken until the diabetic state 
has b«n brought under complete control The actual management 
of the diabetes should be m the hands of someone thoroughi) 
accustomed to treating the disease The general plan is to allow the 
accustomed diet and usual dose of insulin up to the day of operation 
On that dav anj nourishment i* limited to carbohydrate and an hour 
Ixjfore operation 30 grams of glucose are given b> the mouth and 15 
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units of insulin by injection It is in the early post-operati\ e period 
that the condition must be most closely watched There are certain 
complications m diabetics that require surgical interference and it must 
be accepted that septic foci should be eradicated or drained as soon 
as possible In obvious gangrene of an extremity, prompt amputation 
will usually be called for \Vhen the process is limited to the 
toes, there is no sign of spreading, the vessels are in good condition 
and the diabetes can readilj be controlled, then separation of the dead 
toes may occur spontaneously and the parts may heal Gangrene 
commencing m the sole of the foot or about the heel seldom does well 
and this localization is in itself almost an indication for amputation 

Heart disease — Using the term m its widest sense tins is not necessarily 
a contra indication, but it adds a decided nsk to operation Those forms 
which are readily diagnosed and uhtch can be compensated by appro- 
priate management cause less anxiety than coronary disease, ivhere 
there is so often degenerative change in the heart muscle Even in 
the latter condition really necessary operations may be undertaken, 
especially since the relief afforded often benefits the cardiac mischief 
Conditions which threaten life, such as strangulated hernia, perfora- 
tion of a viscus, or acute appendicitis, must be dealt >nth bj the 
simplest possible measures Local anassthesia, combined if necessary 
with a minimum of gas and oxygen, will suffice for most such operations 
Conditions that are less urgent, but m which operation may be highly 
desirable, must wait until the cardiac condition has been properly 
assessed and the patient prepared for the unwonted stress There 
are also circumstances m which the cardiac condition is worsened by 
some disability which can be dealt with by operation Chrome septic 
absorption from the biliary tract is a good illustration, and there are 
many cardiac disturbances which are greatly improved bj an operation 
on the gall bladder Kenal insuffiaency associated with enlarged 
prostate furnishes another example, for in these cases bladder drainage 
often proves beneficial to the heart 

High blood-pressure is often temporanly improved by some necessarj 
operation, especially if it is accompanied by a reasonable amount of 
blood loss The treatment of a septic focus, or of renal embarrassment 
by bladder drainage in cases of enlarged prostate, often does much 
good But operations that are entirely optional should be avoided in 
marked hjpertension unless there is likely to be some great com- 
pensating advantage 

Pulmonary tuberculosis which is not itself the object of surgical inter- 
vention — Acute emergencies must be dealt with b> hfe-saving 
interventions and it is then largely a question of selecting the form of 
anfcsthesia whicb is least likely to be harmful to the pulmonaiy con 
dition Sometimes duodenal ulcer or pilonc stenosis mx> seriously 
interfere with that proper nutrition uhicli is so necessary to combat 
phthisis In these circumstances gastro-enterostomy maj be carried 
out with great advantage Intestinal obstructive symptoms also 
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demand surgical intervention, and quite often a short-circuiting or 
e\en intestinal re'^ection maj be of immense benefit But the surgeon 
should be \erv suspicious of diarrhoea as a sjTnptom, for it nearlj 
altta 5 S means tuberculous ententis and is of gra\e prognosis. In all 
these interventions local or spmal anaesthesia should be emplojed It 
IS perfectly true that manj patients with quiescent tuberculous lesions 
tolerate general aiuestheaia quite well, but should a lesion be lighted 
up the surgeon will feel responsible, and in anv event convalescence 
IS apt to be great!} prolonged 

Among other pulrnonarj conditions bronchiectasis is important 
WTien the condition is in a dry stage a general anesthetic maj be well 
tolerated, but m the active phase with copiou> sputum only local 
anesthesia is permissible Whenever po^isible, interference should be 
postponed until the bronchi can be drained by postural and other 
measures Patients who suffer from asthma often seem to be 
temporanlj improv ed by general anesthesia, but this fortunate result 
cannot be relied upon so that local anJesUiesia should be emplo 3 ed 
whenever it w^U suffice In chronic respiratory diseases, operations 
that can be safe!} postponed are better dealt with during the summer 
months or at least at such a time as the patient recognizes from previous 
expenence that the chest condition is likel> to be least troublesome 

Hamophiha — Onl} reall> urgent life-saving operations are per- 
missible and the} should be earned out immediately after blood 
transfusion The smallest incisions and the fewest needle punctures 
that will suffice should be empIo}ed, and punctilious care must be 
taken to secure all bleeding points Among st}ptics, snake venom 
(Russell s viper) of a dilution of 1/10,000 used locall} , is said to be most 
effectiv e and free from harmful effects Turpentine, being more readil} 
obtainable and mo^it effective if properl} used should not be forgotten 

Insane patients usuall} become quite docile in acute surgical 
emergenc} and there is no reason wh} necessary life-saving operations 
should not be earned out successful!} In an extensiv e expenence I 
do not recall a single case in which there were unusual difficulties m 
after-care Apart from emergencies conditions threatening life or 
causing pain or grave disabiht} should be dealt wuth b} operation 

relief as his art can afford The probable progress of the mental disease 
will naturally be taken into consideration, but that is a matter for the 
alienist rather than the surgeon 

Pregnancy in abdommal emergencies is an indication for earh 
interv ention rather than delay Appendicitis, treated before pentoneal 
complications an&e or become senous, does very well indeed and, even 
if drainage is necessary , pregnane} is seldom mterrupted Operations 
of election that can be postponed should be allowed to wait until after 
deliver} Malignant disease of the breast runs a very rapid course 
during pregnancy and its presence raises very senous questions 
Unless there are very special reasons against it, the pregnancy should 
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usually be terminated and the complete radical breast operation 
earned out 

War surgery —The scope of this work as a guide to the operations 
of surgery does not embrace the general management of gunshot 
wounds, but in many of the sections there are references to matters 
of importance in military’ practice The following notes may provide 
some guidance to the pnmary treatment of war wounds It is essential 
to recognize that those general prtnctples which afford guidance in civilian 
surgery also govern the management of injuries met with in warfare, and 
the more closely such principles can be observed the better, the results 
But whatever our aims and our plans for the treatment of those 
woun.ded m battle the first and often the greatest problem is the 
question of transportation, so that casualties may be brought to the 
surgeons working in suitably equipped hospitals withm a reasonable 
time In the more or less static warfare which prevailed during a 
great part of the campaigns of 1914-18 this was difficult enough, but 
m certain areas it was eventually possible to arrange for treatment 
m the casualty clearing stations m from 6 to 10 hours. In the intense 
mobile warfare which characterizes the present world conflict the 
difficulties have been extreme and there has often been great delay , 
extending to 24 hours or longer When the surgeon can be taken to 
the wounded man the prospect would appear better, but this has usually 
only been possible in such circumstances that little in the way of 
surgical intervention could be earned out 

Until such time as hospital treatment is possible the mam indications 
are to arrest hemorrhage, to treat shock and to prevent infection, 
but the best means of attaining the latter objective as a first-aid measure 
is still in much doubt There arc many different varieties of war 
wounds, from the comparatively simple through-and through bullet- 
wound to the very se\ ere injuncs produced by shell fragments The 
injunes are often multiple, and several different types of wound may 
be found in the same patient The local injury may extend far be\ ond 
the original site, and in some cases there is a special tendency to 
disruption of the surrounding parts Tins particularly affects the 
muscles, which arc found greyish, almost avascular and ivithout the 
power to contract on mechanical stimulation The condition is some- 
times spoken of as " muscle stupor ' Such tissue provides an excellent 
culture medium for anierobic organisms Another feature of these 
severe wounds is the tendency to reactionary oedema, which causes 
much swelling, with tension beneath the deep fascia and consequent 
interference with circulation and with drainage Though so many of 
these wounds are contaminated wth organisms at the outset, they are 
not actively infected until the organisms begin to multiply m the tissues 
No stated time can be given at which this takes phcc, but for the most 
part It is not likely to be established until from 6 to 12 hours after the 
wound There are also types of mjurv, especially to the viscera, winch 
are due to compression or blast from high explosives The location 
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of the wound maj bear little relation to the injury inflicted as for 
instance wounds of the buttocks Which are notonousl} dangerous 
for the) are so often complicated by senous abdominal lesions 

Apart from the t)pe of wound the general condition of the patient 
must be taken into consideration for the effects of blood loss and shock 
are often important With the exception of clean through and through 
or traversing bullet wounds tear wounds tn general require such a 
complete toilet as to amount to a surgical operation and it is on the care 
and thoroughness with which this can be carried out that the ultimate 
result largely depends The mam object of the intervention is to 
anticipate sepias b) excising all tom and devitalized tissues and to 
expose and cleanse every part of the depths of the wound But to 
be successful this intervention must be undertaken before organisms 
have begun to multiply m the tissues To carry out this wound toilet 
properly the part must be anaesthetized and m British practice mhala 
tion an£esthesia is nearly always employed With the help of all the 
arrangements for a major operation the wound must be enlarged so 
that ev ery part of its depths can be explored This is combined with 
the excision of the contused and lacerated tissue and to that extent 
it IS a wound excision but it is not necessary to do a formal en bloc 
excision in every case or to remove any great amount of the tissue 
surrounding the wound WTiile it may be expedient completely to 
excise the whole of the damaged tissue» in the smaller wounds to 
attempt such a complete excision in the larger wounds is likely to lead 
to an unnecessary and harmful amount of additional traumatism 
But in these larger wounds bruised and lacerated skin tom and frayed 
fasaa separated muscle or muscle without life must all be removed 
with scalpel and scis«ors until healthy looking and freely bleeding 
tissues are exposed For the skin a margm of about a quarter of an 
inch around the damaged edges will suffice Blood clot debris and 
easily accessible foreign bodies should be removed and bleedmg vessels 
secured It is a great help in the exammation of the depths of the 
wound and an mcentive to healing to have all bleeding arrested and 
the aim must alway’s be to do this by ligature applied to the bleeding 
site For these purposes the depths of the wound must be inspected 
and retractors are invaluable The thorough exploration provides an 
opportunity of examining the extent of the damage to structures like 
muscles tendons arteries nerves and bones If the wound is dealt 
with about SIX hours after infliction immediate repair of the soft 
parts may be attempted otherwise it is usually considered better to 
defer nerve and tendon suture for secondary operations to be earned 
out after the wound has soundly healed The thorough exploration 
and exposure of the depths of the wound also provide an opportumty 
for treating its surfaces with some antibactenal substance the most 
popular at present being drugs of the sulphanilamide group As v et 
there is no general agreement on tbeirutikty but it can be emphatically 
stated that the neglect of proper wound toilet cannot be compensated 
for by even the most liberal use of sulphanilamide 
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After the toilet of the wound has been adequately earned out. it 
IS the present practice to leave it entireli open with or without light 
gauze packing Firm packing is sometimes used for the arrest of 
hfemorrhage. but this should be avoided whenever possible as it 
interferes with the circulation and with drainage, causes pain and 
usually requires an anaesthetic for its removal Drauiage is probably 
most efficient when the gauze is thickly smeared with vaseline, but 
when a pack is used to arrest hiemorrhage it should either be plain 
dry gauze or gauze dusted with sulphamlamide powder Vaseline 
packs are safely extruded dunng healing At the moment, primary 
wound suture is out of favour, but there is little objection to secondary 
suture when it is likely to facilitate healmg, but m practice it is seldom 
necessary- If there are already signs of infection, such as are likely 
to be m evidence after 18 to 24 hours it is too late for a complete wound 
toilet and all that can then be done is to open up the wound, so that 
drainage may be unimpeded, and to remove loose foreign bodies and 
debns Free incision of the skin and the restraining deep fascia is 
most important and counter incisions may be valuable Any furtlier 
interference at this stage is likely to do more harm than good 

Many workers, notably Trueta, haxe advocated tmniobihzahon as an 
adjunct to wound healmg The complete rest deters the absorption of 
organisms and toxins and also encourages healmg To secure im- 
mobilization, the limb is commonly encased in plaster of Pans, which 
IS applied over the dressings or direct to the skin, the latter being 
smeared with vaseline to prevent the plaster adhenng to the hairs , 
windows should be avoided If all goes well, the plaster may be left 
in position for from 2 to G weeks when the wounds are usuMly found 
to be granulating satisfactonly Dunng most of this penod the patient 
should be kept at rest with the affected limb honzontal Healing 
often occurs wth surpnsmg speed, but there can be no absolute 
certainty that this will follow without infection, and for that reason 
the wounded should be under skilled supervision for at least four da^ s 
after application of the plaster Inflammatory swelling beneath the 
unynelding plaster may lead to the most senous consequences, such as 
gangrene, which only prompt removal of the plaster will arrest or 
mitigate This plaster method has been very generally adopted and, 
though m slighter wounds it is not essential, in severe deep wounds 
there can be no doubt of the great benefit of immobilization by this 
means 

In fractures or wounds of hone it is necessary- to take care that the 
bones are in proper alignment If the site is explored, loose bone 
fragments should not be hastily- removed but should be moulded into 
position Even if sucli fragments subsequently- necrose, m the mean- 
time they furnish the best stimulus to repair and bone formation 
Immobilization must be secured as soon as possible, as the best means 
of reducing shock, and m the lower extremity it must be made adequate 
by including the joints above and below the site Plaster of Pans 
IS convenient and satisfactorily- excludes sopsu., but the important 
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pnnciple is the rest to the parts proMded by immobilization however 
this IS secured The Thomas s sphnt or even wooden splints if m 
telligentl} applied maj be quite satisfactory Plaster slabs fashioned 
for two surfaces of a limb and kept in position by a few turns of plaster 
bandage have the advantage that they can very readily be removed 
using only ordinary scissors To get the best use from plaster the 
technique of its application must be thoroughly understood Fixation 
by plates or bone grafting is not employed in recent war wounds 

^Vhen ampidatxon is called for the pnnciples observed m civil life can 
usually be employ ed and ablation of a hmb by the guillotine method is 
seldom required Even in theworst case it is usually possible to make 
short skin flaps and these may be left without sutures or loosely drawn 
together o\er gauze so that when nsk of infection has disappeared 
secondary suture may be carried out Recent amputation cases travel 
badi\ and it has been found that the support of a plaster cap over 
the stump is helpful 

Tl ounds iniolvtng the body cat tttes usually require operation and a 
nice judgment must decide those that have the best chance if left 
alone — as for instance in some of the cases where it is probable that 
the liver is the only organ involved Where there is great laceration 
of the soft farts about tie face neck or the flexures crippling deformity 
IS frequently a sequel calling for much ingenuity in plastic repair 
Whenever circumstances permit great care should be taken in the 
pnmarv treatment of these mjunes with a view to the prevention of 
deformity but when there has been great loss of tissue it is a mistake 
to attempt plastic repair as a first intervention The surgeon must 
endeavour to prevent loss of tissue from necrosis often the result of 
teiuion following ill considered attempts to draw widely separated 
edges together and also to prevent unnecessary retraction of wound 
edges Above all else sepsis must be avoided 

On general principles foreign bodies should be remoied whenever 
wounds are explored and the foreign bodies are easily accessible But 
this rule must be applied w ith discretion for very small foreign bodies 
deeply imbedded m muscular parts or multiple small foreign bodies are 
best left alone It does not follow that they will prove harmless but 
the\ are better left undisturbed unless symptoms anse There must 
also be reservations about missiles in the brain the lungs or the 
abdommal viscera all of which require special consideration In any 
case missiles that cannot be seen m wounds or felt in the soft part' 
must be carefuUv localized before attempts to remove them are 
undertaken 

The principle of short circuiting can often be usefully applied in 
military surgery colostomy for wounds of the colon or rectum 
cystostomv when the bladder or urethra are injured or gastrostomy 
for severe wounds about the floor of the mouth or pharynx 



CHAPTER I 

ANESTHETICS 

By J. BLOMFIELD, O.B E. 

Physiological action of anxsthetics. — E\pennjent has shov^n 
that chloroform enters the blood stream from the alveoli of the lung 
by a process which does not depend merely on the law s of diffusion 
of gases in accordance with their tension It enters into a close 
physico chemical association with the elements of the blood, from 
which It IS separated with difficulty It is the red corpuscles that 
mainly hold the chloroform The work of Buckmaster and Gardner 
shows that the blood plasma holds no chloroform unless this is being 
inhaled m excessive concentration The red corpuscles, by holding 
the chloroform, undergo a reduction m their oxygen carrying capacity, 
so that there is less oxyh®moglobin during an’esthesia, and the low ermg 
of oxygenation may reach 40 per cent There is also less carbon 
dioxide formation owing to the general lowering of metabolism during 
narcosis Chloroform is not split up in the body according to the 
researches of British physiologists who have repeated and confuted 
the experiments of Nicloux It is believed that the essential change 
which anesthetics produce on reaching the cellular elements of the 
body IS an alteration in the permeability and the electro polarity of 
the limiting membrane of the plasma The elements of the tissues 
thus assume a state of reversible insensibility which constitutes 
an^esthesla (Lille) These physiological ficts are true, in the mam 
of the other Inhalation anaesthetics as well as of chloroform 

Assumption and elimination of inhaled anesthetics go on simul* 
tancously at the alveolar surfaces Within the first two minutes the 
blood rapidly takes up the aniesthetic offered to it, until an equilibrium 
IS reached between the vapour in the alveoli and that combined in 
the blood Then absorption and elimination go on equally until the 
end of administration The initial rate of elimination is never equal 
to that of assumption, and it takes hours for chloroform to leave the 
body It IS reckoned that of the amount of chloroform inhaled, half 
IS at once eliminated by the lungs 
After death, all odour of chloroform soon disappears, and it is stated 
that after half an hour chloroform can no longer be extracted from the 
tissues (Buxton) Chloroform in common probably, with other 
anaisthetics, has an affinity for the hpoid elements of protoplasm 
As these are present in large proportion in the nerve-tissues of the 
body, this is held to explain the elective affinity winch anesthetics 
21 
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have for the nervous system A greater proportion of chloroform 
can be recovered from the nervous Sian from the other tissues of the 
body after death and the central nerv ous system holds the anaesthetic 
more than the penpheral 

With the possible exception of nitrous oxide gas ethylene and 
cyclopropane general anaesthetics are capable of injunng the paren 
chymatous tissues especially the liver and kidneys This toxic effect 
IS produced by chloroform more readily and more severely than by 
other anaesthetics Fatty d^eneration of liver heart spleen kidnejs 
and voluntary muscles has followed repeated admimstration At the 
same time it has recently been shown that ether mvanabl) induces 
cholaemia although this never reaches the point of jaundice Expen 
mentally fatty degeneration in liver and kidney has repeatedly been 
produced and may follow repeated administration even of normal 
strengths of chloroform vapour Extreme fatty degeneration is 
familiar clinically in association with postamesthetic toxsemia Chloro 
form destroys red blood-cells \itrous-ovide gas leads to raised 
blood pressure Other anesthetics cause a fall after a preliminary 
nse and also lower the body temperature Re^iration is usually 
quickened but long continued or very strong anesthetics generally 
paralyse the respiratory centre Chloroform is peculiar m that 
hbnliation of the heart muscle is apt to be set up dunng incomplete 
narcosis 


SELECTION OF ANAESTHETIC 

The successful admmistration of an anssthetic depends largely on 
the selection of the agent and the method In other articles the 
writers point out the ansesthetic which they prefer for the operations 
with which they are dealing In any specii operation or particularly 
difficult patient it is a great advantage if surgeon and ansesthetist 
consult ^forehand 

The condition of the patient — Even among those in ordmary healtli 
there is a difference in the way m which people of different physique and 
temperament react to anesthetics The more muscular and full blooded 
a patient the less easily does he enter narcosis Short thick necks 
and narrow air passages easily lead to spasm, and congestion, of tongue 
fauces and all the parts about the upper air passages Patients w ith 
these anatomical peculianties are bad subjects for nitrous oxide 
anjEsthesia nor are they quietly put under ether with any closed 
apparatus On the other hand ethyl chlonde as a preliminary to 
closed ether is very satisfactory with such people Obstruction m 
the upper air passages is best prevented by putting a small prop 
between the teeth at the very b^inning During auaisthesia an 
artificial airw ay obviates the nuisance of spasm or congestion in the 
upper air passages if even this is insufficient the difficulty can be 
completely overcome by passing an endotracheal tube through the 
nose or the mouth. 
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Ethyl chlonde with closed ether is also excellent for alcoholics, who 
are resistant to all anesthetics Not only are they apt to be excited 
and to take a long time to enter narcosis, but when apparently in full 
anjEsthesia they display an inordinate reflex activity They may 
move during operation even when they seem to be drenched with 
the anesthetic and show every symptom of deep narcosis Highly 
nervous persons also seem to retain, even after consciousness is 
abolished, some form of unusual nervous excitability Dudley Buxton 
has suggested that the subconsaous mentality is active after gross 
consciousness is abolished The ‘ awareness ” in the lower centres 
IS apparently still awake m these people For them, preliminary 
injections of omnopon and scopolamine are invaluable Indeed, these 
drugs may with advantage be used to induce a drowsiness, amounting 
almost to insensibility, before inhalation begins Doses of omnopon, 
gr I, with scopolamine, gr -yic. hour and a half before, and 
scopolamine again, gr half an hour before operation, are usually 
adequate It is true that after such injections the breathing is slower 
and, consequently, the aniesthetic more slowly inhaled, but the extra 
time IS more than compensated by the absence of all physical dis 
turbance Deep chloroform narcosis after such injections is apt 
dangerously to depress the respiratory centre, and must be avoided 

The needs special consideration A disproportionate number 
of anssthetic deaths occur m the very young One reason for this is 
that the anesthetist often fails to realize how deep a narcosis is needed 
to produce absolute immobility The ceaseless activity of the waking 
infant is represented duruig narcosis by an excitability of the lower 
centres that is shown by reflex movements these persist after a 
degree of narcosis has been reached which, m the normal adult would 
involve absolute stillness Consequently, to go beyond this and 
attempt absolute stillness is often to run grave risk In circumasion, 
for instance, the amesthetist should be content with complete un- 
consciousness, and for absolute immobility should rely on having the 
thighs firmly grasped by nurse or assistant at the moment of the cut 
In the operation for cleft palate a deep narcosis is required, and stillness 
cannot be secured by any mechanical means Colonic oil ether is 
very useful for these patients If it does not provide all the narcosis 
needed, it does at any rate put the patient into a state m which but 
little additional inhalation of warmed chloroform or ether vapour 
easily maintains the desired anesthesia The same result can be 
reached by rectal paraldehyde or avertm (see p 41) 

In all feeble subjects, whether their weakness is natural or acquired 
by illness it is an advantage to add oxygen to any aniesthetic employed 
Wlien an-emia is present, this is especially necessary The oxygen- 
carrying power of the blood is already reduced, and anicsthcsia still 
further lessens it, and the red corpuscles need all the oxygen they 
can possibly take up and carry 

Persons suffenng from injury or disease of the brain generally require 
only a slight narcosis Wlien there is drowsiness, and still more when 
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coma IS already present no attempt should be made to secure anas 
thesia before the incision WTien this is made it often rouses the 
patient so much that administration is indicated Chloroform and 
oxygen given from a regulating apparatus is generally the most 
appropnate anssthetic but oxygen passed over ether answers admir 
ably when the general condition is serious An endotracheal method 
IS essential when a very flexed position of the head is required for 
occipital operations Either nitrous oxide or ether may be gi\en in 
this way 

tVhen there is dyspncea due to obstruction in the upper air passages 
or larynx anesthesia is fraught with especial danger The extra 
ordinary muscles of respiration which in these arcumstances are 
essentid for breathing are thrown out of use by narcosis and auto* 
matic respiration may be impossible ^Vhen loc^ anaesthesia suffices 
as for tracheotomy it is the method of choice Otherwnse, chloroform 
m weaX vapour accompanied by oxygen is recommended Colonic 
oil ether or aiertm may also suit well and have been successfully 
given for many %oitre operations where dyspncea was present CellttUiis 
of the neck (Ludwig s angina) is often accompanied by some osdema 
of the iaiynx there may be no obvious dyspncea and yet the patients 
are readily asphyxiated if wrongly treated In particular they are 
almost unique in their liabihty to special danger if given nitrous 
oxide a rapid and fatal engorgement of the upper air passages has 
on several occasions occurred under this ansstbetic The operation 
needed is generally very short often merely incision and so nitrous 
oxide IS naturally suggested but the safest plan is a hght narcosis 
secured by C E mtxture from an open mask the patient lying on the 
side with the mouth propped open 

Those suffering from cxophthalmtc goitre must be treated with special 
regard to the psjchic element which plajsso promment a part m their 
malady Evei^hing must be done to allaj fear and apprehension 
Cnles method of stealing the thyroid is \aluable This process 
involves daily rehearsal of whatever form of anasthesia is going to 
be emplo5ed for the operation but without usmg any aniesthetic 
Thus the patient is given salmc per rectum daily at the hour which 
will be chosen for the administration of a rectal anaesthetic whether 
it is to be avertin ether or paraldehyde She is also giv en a hypodermic 
injection of water On the operation day the hj'podermic injection 
contains omnopon with scopolamine and the rectal injection contains 
the chosen anesthetic In this waj she is anesthetized and operated 
on without ever knowing- that anything unusual wais to happen 
Recently the barbiturate compounds pentothal and nembutal given 
either bj the mouth or into a vein have been successfully employed 
to induce unconsciousness before the patient is taken from her bed 
Many an-esthetists prefer a light anjesthesia w itli open ether or tracheal 
insufflation relying on hyp^ermic mjection and their own general 
attitude to procure the necessary mental calm An accurate estima 
tion of the myocardial degeneration and of the tracheal deformity 
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produced by the goitre must be obtained beforehand X-ray and 
electro-cardiographic examinations are needed for this purpose 
When abnormal breathing is due to disease unfhn ihe chest, the 
problem is different Here the first necessity is to avoid giving any- 
thing which may aggravate the disease, and the second, by care as to 
posture, to minimize immediate nsk Warm chloroform vapour with 
oxjgen IS generally the most suitable agent if there is great difficulty 
in breathing The position must be that m « hich the patient breathes 
most easdy w hen aw ake In operating for empyema, the affected side 
must be kept undermost, to avoid the danger of flooding the sound 
lung if the empyema bursts into the bronchus I have seen this 
accident, with a patient lying on the sound side, and death followed 
almost immediately Nitrous oxide and oxygen often suffices for opera 
tions on patients with intrapulmonary disorders and should always 
be chosen if possible It can be given through a face mask except 
when both pleural cavities are likely to be laid open or traction made 
in f fie mediastinum Then the endofracheaf method must be employed 
Major operations /or condtltons within the chest which have increased 
both in frequency and m extent of recent years, require an anesthetist 
expert in that particular work Intubation of the trachea is often 
needed For lobectomy this needs to be of a special kind, a catheter 
Being passed into the bronchus *of the affected side and left t-n situ, 
suction being applied when necessary Another method (Waters) 
entails the passing of a tube into the bronchus of the sound side and 
inflating a rubber balloon at the bifurcation of the treachca JIagill 
has devised a tracheascope and an-esthetic tube which facilitates the 
necessary intubation for lobectomy * Tho anssthetics of choice for 
most major thoracic operations are either gas and oxygen assisted 
if necessary by divinyl ether or chloroform, or else cyclopropane 
Tlie apparatus must be capable of giving positive pressure Spinal 
analgesia has been used with excellent results for lower thoracoplasty 
and for lobectomy A preliminary sedativ e is required 
Proper position is all important in patients with xniestinal obsirnciion 
who have been vomiting for several hours or days The thin, dark 
vomit, mainly consisting of altered blood pigments, oozes from the 
alimentary mucous membrane and is regurgitated from the mouth 
almost without effort Its escape may thus be unnoticed during 
anesthesia until the pharynx is swamps and the insensitive larynx 
invaded, with dire consequences Waging out the stomach before 
hand gives so short a relief that it is not worth doing Before adminis- 
tration, the patient must be placed on the table in such a position 
that invasion of the larynx by fluids passing into the mouth is 
mechanically impossible For this purpose the shoulders are raised 
on a sand-bag, and the head, turned to one side, lies with the face 
below the level of the larynx A Doyen's gag placed on the upper 
side of the face, keeps the mouth slightly open , and open administration 
IS practised, allowing full view of the face 

« Bnt Journ An**. 193 » »II,X<» 3.p 104 



26 


ANAESTHETICS 


It has been said that only a preliminary tracheotomy or intubation 
of the larynx, with gauze plugging to cut off the pharynx, can effecbvely 
prevent flooding of the air-passages when really copious vomit of thin 
fluid occurs during operation for long standing intestinal obstruction 
But the measures outlmed above have always proved efficient m my 
experience Frequent mopping out of the dependent cheeh and of 
the pharynx may be required 

Patients suffering from acute septic infections, particularly acute 
septic pentomtis, form another class in which aniesthesia has unusual 
risks Here the danger lies not only in the extra nsk of fatality at 
the time of operation but perhaps even more in the chance of fatal 
sequelae The nsk at the time of operation is due to the affection of 
the heart muscle which may accompany severe infection This toxic 
myocarditis is detected only with the greatest difficulty beforehand, 
and yet may play a terribly dominating part in leading to syncope 
dunng aniesthesia It reveals itself by no murmur, alteration of the 
heart s dimensions, or other easily observed physical sign, though it 
may be suggested by the unusually short snappy character of the 
first sound Post mortem however, it has often been demonstrated 
both to the naked eye and histologically, and the clinical disaster has 
been attnbuted to it The postoperative risks are mainly of two 
kinds The patients are liable to secondary shock on recovering from 
the an»sthetic, or they may later suffer from postanaesthetic tox*mia 

POSTAN^STHETfC TOX/£MIA ; PNEUMONIA 

This strange condition sometimes known as aexdosxs, or as delayed 
chloTofonn poisoning, is most common in children, but occasion^y 
affects adults It has been most frequently associated w ith chloroform, 
but has also occurred after the other general anEesthetics Children 
suffenng frpm septic peritonitis are pecuharly liable if chloroform is 
used 

The true explanation of postanaesthetic toxiemia is still wanting, 
but IS probably to be found m disturbed liver function due to paren- 
chymatous changes The phenomena are now familiar, but their 
m^e of ongm remains quite obscure The symptoms usually begin 
about twelve hours after inhaling the anesthetic Up to that time 
tAe recovery penod" Aas usaaiTy 6wn nonnaf, ancf there is no special 
pecuUanty m taking the anaesthetic Vomiting, v%hich at first may 
seem not unusual and may not have been present at all dunng the 
first houre of recovery, persists and produces altered blood, and 
restlessness, going on to delirium Jaundice sometimes appeals 
The breath often smells of acetone, and this substance, or its pre- 
cursors, IS found m the unne The pulse increases in frequency, and 
tow ards the end of a fatal case the temperature is usually high Coma, 
convulsions and cyanosis are usually the terminal symptoms, and 
death occurs within four or five days of the inhalation iMany patients 
justly regarded as examples of mild postanasthetic toxremia, recover 
with treatment This consists m v\ ashing out the stomach with 
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bicarbonate'of-socia solution and leaving some m the cavity , and 
m the administration of glucose per rectum One ounce in 30 of 
saline suits children of 10 yeare of age In desperate cases the bi- 
carbonate solution IS infused into a vein Post mortem the chief 
lesion IS extensive fatty degeneration of the liver, with a lesser degenera- 
tion in the kidneys and the heart The acidosis, evidenced by 
acetone or diacetic acid or both m the urme, is probably a result of 
defective functioning of the liver, and an accompaniment, rather than 
the cause, of the symptoms of postaniesthetic toxasmia Acetone is 
commonly present in the urme after amesthesia m small amount 
Moreover, it has been found often in children during their first days 
in hospital before any anaesthetic has been administered it is 
attnbuted then to change in diet Generally, its presence after 
operation may be due to pre operative starvation or preparation 
The preienlion of postaniesthetic toxamia is best achieved by 
avoiding chloroform m all patients who are the subjects of sepsis, 
rickets, cyclical vomiting or diabetes , by avoidmg prehmmary 
starvation , by allowing plenty of carbohydrate food during the days 
before operation , and by four-hourly administration of bicarbonate 
and glucose for twenty-four hours before aniesthesia 
If postaniesthetic to\ 2 emia may be regarded as the characteristic 
formidable sequel of chloroform inhalation, -posloperative pneittnouta 
may be put in the same relation to ether Just as chloroform is not 
the only antecedent in " delayed chloroform poisoning/* so *' ether 
pneumonia " has followed other anassthetics, even spinal injection 
with no inhalation at all The roost potent factor is the site of opera- 
tion Abdominal operations are followed far more frequently by chest 
complications than any other kind of operation and the anasthetic 
employed has but a secondary effect The chief agent of trouble is 
the inhibition of the diaphragm caused by the laparotomy Partial 
deflation of the bases of the lungs often foDows laparotomy, owing 
to diminished efficiency of inspiration This often leads to patches 
of collapse in the lower lobes, and these cases provide a fair proportion 
of those described as "ether pneumonia” 

Another condition sometimes called "pneumonia” is the massne 
collapse descnbed by Pasteur This is a one sided condition, whereas 
the former kind of collapse, depending on postoperative limitation of 
the diaphragm’s movement, is of course commonly present on both 
sides Pasteur attnbutes massive collapse to reflex arrest of one half of 
the diaphragm, and says that it occurs more often after large incision 
and division of muscles Massive collapse is of sudden onset, and may 
be so intense as to suggest embolism or pneumothorax It is rarely 
fatal m the absence of surgical sepsis There is expectoratfon of 
greenish muco-purulent material, w hicli is nc\ er blood stained, and 
rise of temperature The attack begins within the first four days 
after operation, and the urgent symptoms last only twenty four hours 
Dunng this tune there are dyspnoea and 'displacement of the heart 
In the presence of an imperfectly distended lung and inefficient efforts 
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at coughing, inhaled infective material easily sets up inflammation. 
Tlie saliva and mucus secreted during ether anxsthesia may convey 
organisms to the air-passages, and thus ether may be blamed for 
postoperative lung troubles. WTiipple has shown that the pneumo- 
coccus is the common otganism and that the infection is frequent in 
Iiealthy people wlio have shortly before or at operation been subject 
to a “ cold,” or some upper respiratory disorder. The pneumococci 
are of four different kinds, and only one kind leads to serious illness 
or fatality. The most serious cases arc those in uluch the lung 
affection is associatetl with sepsis. Tliese patients are often free from 
lung trouble till after the first week, and the pneumonia cannot bo 
justly attributed to the arueslhetic at all. It is" obvious that in the 
avoidance of serious postoperative lung troubles it is of the first 
importance that the patient should be free from any infection of tlie 
air-passages at the time of operation. 

There are certain comtitulional conditions in which some anaisthetics 
arc especially dangerous. Thus, in diabetes, chloroform and ether 
may be followed bj' diabetic coma. Nitrous o.vide and o.xygcn offers 
less risk. Amputations for diabetic gangrene are well performed 
under this kind of anresthesia, often with the assistance of novocain 
solution into the main nerve-trunks of the limb. The injection is 
carried out after the e.Kposurc of the nerve during nitrous oxide 
inhalation. An allcmativc which answers well is spinal analgesia. 
Nitrous oxide and oxygen may be given concurrently if unconsciousness 
is desired. In albuminuria leith eclampsia, for which Caisarcan section 
is often performed, like considerations hold. Gas and o.xygen generally 
suits the patients undergoing this operation. Preliminary narcotic 
hj-podcrmics are best omitt^ on account of their evil eflcct upon 
the infant. 

Fost-operatire care, — It is obvious that patients after operation 
sliould not be exposed to any temperature much below that of the 
operating theatre, that they roust be kept uniformly warm by the 
proper covenng. and that there must be no sudden dianges in position. 
Generally si>eaking, they should be gently lifted from the trolley by 
tu 0 or three people and laid in bed on the right side, knees semi-fle.ved 
and head resting on bolster or one pillow, being left in this position 
until consciousness has returned. After that the patient should be 
allowed to alter the position as inclination suggests and should be 
encouraged to change sides and to be propped up. providing, of course, 
that there is no contra-indication to movement. After spinal analgesia, 
however, perfect stillness, w ith the head of the bed lowered, is essential 
for some hours. 

NITROUS OXIDE AND OXl'GEN IN MAJOR SURGERY 

The surgery’ of 1914-18 gave a great im}>ctus to this anaesthetic, 
whidi has already been made a\’ailable for long operations by the 
invention of suitable apparatus. For this ue are indebted in the 
first instance to American workers. Hewitt’s apparatus, which 
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previously held the field, was not convenient for long administrations 
because of t)ie number of cylinders, the laborious method of supplying 
the gas, the liability to freezing at the valves the absence of means 
for rebreathing, and the tendency for the provision of the gases to 
become intermittent In the apparatus now used {sec Figs I, 3, 4) 
these deficiencies are corrected, and a visible, continuous flow of gases 
easily controlled by the hand, 
supplies a bag from which re- 
breathing can be permitted at 
will McKesson's apparatus (Pig 
]) IS a further improvement, 
permitting the admission of 
either nitrous oxide or oxygen, 
alone or combined, under pres 
sure Under these conditions it 
IS easy to keep a patient un- 
conscious with gas and oxygen 
for long periods of time without 
any anoxaimia It must how- 
ever, always be remembered 
that the level of antesthesia thus 
obtained is different from and 
less profound than that induced 
by the other general anesthetics 
Ignorance of this fact leads to 
disappointment Tfius the re- 
sults so satisfactorily obtained 
m much of the surgery of the 
Four Years' War— operations 
for example, on bones or com- 
paratively insensitive parts, or 
on shocked individuals easily 
rendered anaesthetic — were not 
repeated m civil practice when 
gas and oxygen was used for an 
abdominal section m a healthy 
man Nevertheless, the gases 
are of the greatest value if 
their limits are tinderetood and '''« ‘ -Mr&Bor. s .pp„a(us tor eos and 
their administration is combined 

with that of ether or with local an-ESthetics or prehmmarj' h3^notics 
when full relaxation in muscular subjects is required or when sensitive 
parts are subjected to operation 

In admimstenng gas and oxjgen for major surgery there are a few 
cardinal rules to be observed First, the facepiece must fit with 
absolute accuracy , secondly, cyanosis is constantly to be avoided by 
sufficiently free use of ox>gen, thirdly, a free ainsay through the 
mouth IS essential , and fourthly, anaesthesia should be present for 
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at least a minute before the operation is begun JIoreo\er, ether, 
which IS almost mvanably necessary m abdommal operations on 
adults, unless potent pre medication has been used, should be intro- 
duced during the induction penod As soon as the patient is un 
conscious with gas and oxygen, he should be brought fully under 
ether Then, the ether being turned off, a long penod of proper 
relaxation can be mamtained solely by the inhalation of the gases, 
aided doubtless by the ether imprison^ within the circulation 
The possibiUties of gas and oxj gen without ether for abdominal 
operations are much extended by the endotracheal method Tlie 
elimination of laryngeal spasm and of all upper air passage trouble 
gives relaxation, even dunng operation on the upper abdomen, with 
a narcosis so Ught that it would be insufficient bj any other method 
of administration It is well to remember that the perfect safety of 
nitrous ox'ide and oxygen for short operations does not apply when 
the gases are employed over a long penod There are a number of 
recorded fatalities from their use m major surgery JIany of these 
were, no doubt, m reaUty' inevitable, whatever aniesthetic had been 
employ ed Nevertheless, there is distinct nsk in the use of gas and 
oxygen durmg major operations, unless the administrator is highly 
skilled The risk is especially great with children, and with adults 
whose heart action is faulty Generally speaking, ether is safer for 
persons with dangerous heart disease Physicians are very apt, on 
theoretical grounds, to recommend nitrous oxide when it is, m practice, 
the more dangerous agent ^^^len gas and oxygen is to be the sole 
anesthetic, it is always best preceded by hypodermic injection of 
morphia and atropme, or omnopon and scopolamine, or some similar 
combmation, unless the patient’s general condition presents a contra 
indication The carbon dioxide absorption method should be used 
for all long administrations p 85) 

Patients in a condition of shock at the time of operation are best 
treated \vith nitrous oxide and oxygen or with warm ether \apour 
and oxygen War surgery showed that chloroform was veiy dangerous 
for these patients, and that contrary to expectation, the same was 
true of spmal injection One great ad\antagc of gas and oxygen m 
shock IS that the rapid recovery without nausea enables the patient 
\o drink \iqmd s’cnrrcdants soon aiYex operrfiion TTns Tneasare, and 
careful preservation of the body -heat, with contmuous infusion of 
gum-arabic salme from the beginning of administration, are the most 
effective means of combatmg shock The anesthetist’s concern wnth 
shock is to prevent it when poffiible, to combat it when present, and 
to a\oid e\ery thing that might predispose to postoperative shock 
To a\oid shock arising dunng operation, the anesthetist’s chief 
measure is to limit the dose of ether or chloroform Each of these, 
given over long penods or m excessive strength, may cause a condition 
almost identical with surgical shock Similarly, postoperative shock, 
so far as it depends on the anesthetist, is chiefly obviated by avoiding 
excessive dosage The reactionary collapse that follows too-libcral 
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use of open ether is an example of the power of the anaesthetic to 
produce shock Experimental exidence proves that excessive trauma 
on the one hand, or anesthetic overdose on the other, leads to functional 
inactivity The former produces exhaustion by repeated stimulation , 
the latter, by the continued depressmg effect of the aniesthetic drug 
The surgeon by gentleness, and the an^thetist by careful limitation 
of his doses, combat the shock poroduced by trauma and by aniesthesia 

ROUTINE AN/ESTHESIA 

Administration. — It is not within the scope of this article to 
describe in detail common methods of admmistration of anassthetics 
Some general pnnciples may, however, be pomted out The first m 
importance is that there must always be unobstructed freedom for 
ingress and egress of the aniesthetic during inhalation anesthesia 
Many troubles arise from neglect of details >vhich are essential for 
securing an unobstructed air-entrj' 

The first is careful inspection of the patient Not onI> must it be 
clear that respiratory movements arc normal, but also the intenor 
of the mouth must be examined, to discover whether the shape of 
the palate and the arrangement of the teeth iviU lead to obstruction 
A high, narrow palate, or a full set of accurately meeting teeth, or 
an underhung lower jaw means that any congestion or spasm of the 
upper air-passages will lead to obstructed respiration In persons 
who show these peculiarities a small prop must always be placed 
between the bicuspids of one side before commencing aniesthesia 
This will enable free oral respiration to go on even if the nose is in- 
sufficient, and will allow the easy insertion of a gag, to be opened 
if still more room m the mouth becomes necessary 

The next point is to see that the head is slightly raised above the 
level of the shoulders and turned to one side Few persons go to 
sleep easily if they are honzontal , yet that is often the position in 
which they are expected to inhale an anesthetic The lowered head 
tends to keep the bram well supplied with blood and to delay narcosis 
The need for quiet during induction is now commonly recognized 
It IS due to the fact that the sense of heanng persists and even seems 
accentuated during induction At the same time, reasoning and the 
power to CO ordinate stimuli disappear, so that the slight noise — of 
moving instruments, for example — may convey to the semi-conscious 
patient a temfy ing impression that will be revealed by reflex depression 
of pulse and respiration \\'hen it is necessary to move a patient 
dunng aniEsthesia before operation, he must be deeply under , other- 
wise vomiting is easily excited. Similarly, alteration of position 
during operation, especially if sudden, may ha\e grave consequences 
if the patient is suffering from ^ock The vaso motor mechanism, 
which compensates for the effects of gravitv and prev'ents all the 
blood rushmg to the dependent parts, is out of action during deep 
narcosis 
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Combinations of anesthetics. — 'The anesthetist of to-day has 
at his disposal several drugs and a great many different modes of 
administering them. Jloreover, he often finds it an advantage to 
combine both the drugs and the methods. Thus, instead of merely 
preceding ether by nitrous oxide or by ethyl chloride, or giving chloro- 
form or one of its mixtures, he may use alkaloids, a spinal injection 
and continuous nitrous o.xide and oxygen for one patient ; or the 
latter anaesthetic may be combined with local injections for another ; 
or he may employ colonic ether and a w'arm-vapour inhalation of 
chloroform and oxvgen. He may prefer a rectal injection of avertin 
or an intravenous one of nembut^ or evipan. It is probable that 
local analgesics in association with general anaesthetics will find 
increasing favour in the future. The advantage to the patient is 
great The general ansesthetic is used merely to obtain and maintain 
unconsciousness Consequently, nitrous oxide and ox5'gen usually 
suffices ; or, if ether is required, it can be used vei>’ sparingly. 
Relaxation of muscles depends on the local injections, not on the 
inhaled anjesthetic. For long operations, and those usuall3' accom- 
panied by shock, the method is admirable when it can be applied. 
The patient is saved much of the shock, as Crile especially has shown, 
if peripheral impulses can be cut off by local infiltration of ner\’e- 
endings, and he suffers none of the prostration or vomiting that is so 
likely to follow* long administrations of a general anaesthetic used to 
maintain deep narcosis. The local anas^ctic usually employed is 
novocain, and large quantities of solution may be needed, but tliis 
may be as weak as J per cent Quinine and urea chloride, at one 
time much used for deep injections, has undoubtedly caused tissue 
necrosis, and led to the extrusion of deep sutures. Percaine is likely 
to prove most useful, though pain maj’ be caused at the time 
of injection. 

The combination of narcotics, given hj-podermicallj' beforehand, 
with inhalation ansesthesia, has become so general as to be a routine 
with many ansesthetists. There appears to be no contra-indication to 
routine use of atropine. It has been argued that even this drug 
should not be given indiscriminateh', and that its paralysing action 
on glandular secretions may interfere with proper elimination of the 
anzesthetic. We know*, however, that anesthetics are eliminated 
almost entirel)* by the lungs, and atropine does -not interfere with this. 
On the contrary, it exerts a certain amount of stimulating effect on 
the respiratory* centre and thus, by maintaining ventilation of the 
lungs, may be expected to assist ehmination. 

Drugs such as morphia and scofc^amine are not suited to routine 
use. Some surgeons object to them altogether for abdominal work, 
on the ground that they make muscular rela,xation more difficult. 
It certaWy takes longer to get the patient relaxed when he has had 
the injections, because respiration is slowed and, consequently, the 
anesthetic is more deliberately inhaled. The effect of these drugs 
upon the respiratory centre, which they depress, is a strong reason 
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against their routine employment Recovery from unconsaousness 
IS long delayed when morphia and scopolamine have had their full 
effect This delay, accompanied by very slow breathing, exposes 
the patient to the dangers of poor ventilation for hours Tbese drugs 
act to greatest advantage m highly nervous mdividuals and when the 
abdomen is not involved Before a c3^toscopy the anesthetist must 
remember not to order narcotics hj'podermically, for, if they are used, 
secretion from the ureters may be watched for in vain In the aged, 
I believe, morphia m combination with aniesthetics is dangerous 
Lastly, some patients suffer from sickness and famtness after morphia 
or scopolamine In the absence of any previous history, it is not 
possible to detect this idiosyncrasy Occasionally, the injection has 
produced so much pallor and feebleness that the projected operation 
has had to be postponed It is said that untoward symptoms in an 
adult have never followed an mjection of morphia not exceeding gr I 
In the absence of any knowledge of the patient’s behaviour towards 
morphia, it is wise to restrict the preliminary dose to this amount 
scopohmine is commonly^given m doses of gram Omnopon may 
certainly be given without harm to some who have been upset by 
morphia It has been maintained that narcotics which depress the 
respiratory centre should only be given if the anssthetic is to be 
administered by a method involving rebreathing so that the carbon 
dioxide will stimulate the centre in counteraction to the narcotic s 
depression 

Carbon dioxide is given to stimulate breathmg and increase pul 
monary ventilation It is used to hasten induction by causing 
exaggerated intake of the anasstbetic and ;t is used at the close of, 
or after, operation to hasten elimination of the anresthetic and reduce 
the chance of pulmonary 
complications by causing 
full distension of the lung 
bases Carbon dioxide for 
these purposes is best 
given from a cylinder in 
w hich it is contained with 
oxygen in the proportions 
of 7 per cent COj to 93 pCr cent 0 A breath of pure CO, may be 
conveniently given from the sparklet apparatus shown m Fig 2 

The routine anarsthetics recommended for ordinary operations are 
nitrous oxide and oxygen and ether Gas and oxygen will be used 
for short operations and those for which perfect muscular relaxation 
IS not essential Wlien relaxation is essential and m all abdominal 
work, it must be supplemented by ether or C E mixture, unless a 
powerful hjpnotic like avertm has been used beforelnnd This com 
bination is the best rdutine an'esthctic for abdominal operations 
Even then resistant patients need sometliing m addition to the gas and 
oxygen Some short operations which are not well suited to gas and 
oxjgen — for instance, rectal and uterine procedures — are satisfactonlv 
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managed b) gas and ether There is little objection to this compara- 
tive!) old fashioned method for short operations in health) subjects 
Good apparatus for prolonged administration of nitrous oxide and 
oxygen* is now made in this country after the designs of Jlarshall, 
Boyle and Shipway (Fig 3) The Walton apparatus (Fig 4) is 
after the McKesson type The important points are that the cylinders 
of nitrous oxide and of oxygen are placed % ertically, that there is \ ery 
delicate control of the \alvos which allow the egress of the gases and 
that the gases are bubbled through water, so that their amount and 
. rate of flow are easily seen in the " sight feed ’ apparatus (Boyle and 
Shipway) A flow -meter is an 
even better means to this end 
Rebreathing is used from the 
start and freely throughout the 
administration (but not w itb the 
McKesson type) 

Perfect accuracy m adaptation 
of the face piece is necessary, 
and IS genei^Iy secured by a 
loop of elastic passing round the 
back of the head and fitting 
round each side over the metal 
mount of the face piece, where it 
is secured beneath the mount 
from the bag , or by the use of 
Clausen’s rubber harness The 
proportions of the gases com- 
monly needed are those obtained 
by having two of the oxygen 
holes and four of the nitrous 
oxide holes open With the 
McKesson apparatus the dial is 
placed for the first few breaths at 
N,0 only, and the gas delivered 
under pressure without the face- 
piece being close to the face Then it is fitted on and the dial moved 
to give at least 5 per cent oxyg^w at first The. bag w.\th the sight- 
feed apparatus should be at some tension for the first few minutes 
It should be filled to about two thirds of its extent before the face 
piece IS applied Rebreathing being instituted at once the tension of 
the bag will of course increase as the gases flow in Eiery few 
mmutes rebreathing is stopped by opening the expirator)' I’alve, and 
the bag is allow ed to empty itself to about one third of its full size 
In this way too great an accumulation of carbon dioxide is avoided 
A word of warning may be given on one practical point If the 
oxygen tap moves stiffly no \aselme or oil must on any account be 
used to ease the joint If any such material is in the immediate 
neighbourhood the heat generated when oxygen escapes from the 
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cylinder and meets the reducin^vaKeor the pressure-gauge as the case 
may be, is enough to flash the oil in the grease Then the yelloM metal 
may fuse and, fed by the oxygen, the flame may even fuse the cylinder, 
with very serious results Soap may be safely used as a lubricant 
Ethylene is given from cylinders and apparatus exactly similar to 
those used for nitrous oxide It is employed, however, with much 
larger percentages of oxygen, usually about 15 to 80 per cent oxygen 
being given with the ethylene after the first few breaths which should 
be almost w ithout oxygen The anaesthesia 
produced by ethylene is more profound than 
that of nitrous oxide but less than that of 
ether It appears to be as innocuous to the 
tissues as nitrous oxide It has more relax 
ing power than the latter but less than ether 
^\^en used for abdominal operations some 
ether has generally to be added to secure 
perfect relaxation Owing to its unpleasant 
smell and the risk of explosion, special pre 
cautions have to be taken 
Cyclopropane (trimethylene CsH*) is a 
potent an-esthetic given from cylinders in the 
same way as nitrous oxide It has the ad- 
vantage that It IS not irritating and is efficient 
with large oxygen dilution, 10 per cent of 
cyclopropane for light anesthesia and 14 1C 
per cent for full relaxation bemg the strengths 
commonly needed Cyclopropane is explosive 
at certain strengths in atr, oxygen or nitrous 
oxide, and is not to be used m proximity to 
the cautery diathermy apparatus or open 
flame It is of special value for major m- 
trathoracic operations ow mg to the laigc amount of oxygen it permits 
It must alw ays be given by a closed circuit method w ith carbon dtoxuU 
absorption This technique is advisable with most nitrous oxide 
apparatus, not only for its great economy but because of the perfect 
control it gives over the patient’s respiration Also, respiratory heat 
loss and water \ apour loss are greatly diminished and no anesthetic 
vapour pollutes the air of the theatre The method requires the 
interposition near the face piece of a soda-lime filter containing Wilson 
soda-hme 4-8 mesh The container sliould be 12 cm long and 8 cm 
m diameter Cyclopropane easily stops respiration and the practitioner 
should not employ it until he has learnt its use from an expert 

Ether, for routine purposes, should be given by the open method 
or as a wanned vapour The latter is not well suited for induction of 
ancesthesia, the draught of the m blown vapour being disconcerting 
to the conscious patient Open ether itself when used from the 
beginning, takes a needlessly long lime with robust adults, so they' are 
best induced with CE mixture, as soon as consciousness is gone 
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best started with CE mixture, as soon as consciousness is gone 
\^pour apparatus (Fig 5) affords an excellent means of raamtammg 
amesthesia, as a regular supply of uniform vapour is easily kept up 
The only drawback is that, with difficult subjects, the \'apour supplied 
may not be strong enough Then eitheradditional ethermay be dropped 
on the mask, or the chloroform bottle of the apparatus ma> be brought 
mto play Sometimes merely covenng the mask with a towel, so as 
to enforce a certain amount of rebreathing, w ill suffice The pendulum 
of practice which swung violently from closed to open ether, now shows 
some signs of returning The best practice appears to he in com 
promise the open method is used with modifications that render it 
partly closed The mask is 
covered wholly or partly with 
a thick tow el, or wnth water 
proof sheeting, mwhichahole 
is cut for the ether There 
are both theoretical and prac- 
tical justifications for these 
devices Theoretically, Yan- 
dell Henderson's \new son the 
causation of an undesirable 
degree of acapnia with the 
open method suggest that it 
be emplo>ed with caution 
Practically, it is often impos- 
sible to mamtam a deep nar- 
cosis w ith strictly open ether 
Another reason a^nst the 
strictly open method is the 
coldness of the vapour, a 
little rebreathing viarms it 
This adds to the efficacy of the administration, for the cold caused by 
evaporation on a partly open mask lessens the rate of e\ aporation of 
the added ether Aluch advantage has been claimed for warm 
anajsthetic v apours they are said to be at onCe less toxic and more 
efficacious Tins is Iiard to understand, but it is easy to realize 
that fcr & paticixt it may anp<sctaeit to presene aeti 

the small amount of body heat which is expended on warming 
a cold vapour up to blood heat, and a warmed vapour is less likely 
to imtate the upper air passages Actually it appears true that, 
whatever temperature the vapour has when inhaled, it is warmed to 
blood heat before it has passed the bifurcation of the trachea ♦ 

The closed method of giving ether from a Clover’s inhaler is too 
useful m general practice to be allowed to drop out The practitioner 
who makes himself competent m this simple procedure can giv e a safe 
and effiaent anresthesia for a laige proportion of ordmary operations 
The method is apphcable to all persons with sound heart and lungs, 

• ThereCCTiUTmtrodii«dOxlwiJTaiionsw|!niv»ar*«l*fiaiteperocUn»ueQytliitJw»ira tto ^*pour and 
u UkI]' to be mdeljr used. 
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and IS not unpleasant when the anasthetist has mastered the simple 
technique and proceeds slowly m the early stages It is best preceded 
by atropine, gr three quarters of an hour beforehand 
Endotracheal ether is of great value in extensi\ e operations involving 
effusion of blood within the air passages, eg excisions of tongue or 
of malignant growths of tonsils or of naso-pharynx The method is 
also almost indispensable dunng certain cerebral operations which 
require the head to be in extreme flexion , and for some operations 
within the mouth The patient is brought into deep ansesthesia by 
one of the ordinary' methods an open one being generally preferable 
The aniesthesia must be deep so that there may be no gagging and no 
spasmodic approximation of the vocal cords when the catheter is passed 
through the larynx A laryngoscope with a wide slot at the side and 
a self contained battery in the handle is the most convenient instru- 
ment for introduang the catheter To pass this easily, the patient's 
head is placed m the midline, the neck and head keeping their natural 
relation to the chest, not flexed or over extended The masseters 
being quite relaxed by the proper anasthesia, there is frequently no 
need for a gag or tongue-chp, the slotted spatula of the endoscope 
being easily passed along the dorsum of the tongue by the anjesthetist's 
left haqd, grasping the liandle of the instrument which is depressed 
to disengage the tip of the spatula from the epiglottis At the same 
time the instrument is pushed on towards the postenor wall of the 
pharynx If now the handle is raised, pressing its end against the 
anterior pharyngeal wall the glottis should come into view No 
attempt is made to pass the catheter until the cords are clearly seen 
Wlien this is done the catheter is easily run along the slot m the 
spatula, into the larynx and down to the bifurcation of the trachea 
The catheter should be marked to show how far it is to be passed m the 
average adult The distance is about 26 cm from the front teeth to 
the tip of the catheter in male and 2 or 8 cm less in female subjects 
TTiesizeof the catheter is about 22 French The larger the catheter, the 
deeper the anesthesia There must always be room alongside the 
catheter for the free escape of expired air ^Vllen the catheter has been 
jnserlfd and tbe siiatslbetist is certain that it is down the trachea and 
not the cesophagus, it is connected up with the efferent tube of the 
apparatus to be used for admmistenng the ether Shipway’s is a con- 
venient form Whatever apparatus is employed it must have certain 
qualities (I) a source of air supply — hand pump, foot-bellows or 
electncmotor (2) tubes toand from theetherreservoir, (S)amercury 
manometer showing the pressure at which vapour is delivered into the 
trachea, and an automatic regulator to blow off when the pressure is 
excessive , (4) a warm water tank to moisten the stream of air before 
It reaches the lungs The manometer is set to blow off at 20 mm Hg, 
or a httle more The machine should deliver air at the rate of about 
1C litres per minute It is possible, but not advisable with intra- 
traclieal insufflation, to bring the respiratory movements entirely to 
rest and yet continue the oxygenation of the body It is quite possible 
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to use intratracheal methods without any pumping apparatus at all 
and, generally speaking, no high pressure should be employed Magill 
has sho^vn that, by introducing a tube that fills the glottis, anesthesia 
can be well maintained simply by a mask over the external end of the 
tube and a drop-bottle The tracheal tube is passed merely to elumnate 
all laryngeal and upper air-passage difficulties JlagiU has also shown 
that to pass the intratracheal tube by the nose is often easier than bj 
the mouth No laryngoscope is then required Commercial rubber 
tubing of sizes from | to ^ of an inch in caUbre is used It is curved, 
cut obliquely, stenlued and lubricated with soft paraffin Tlie tube is 
passed along the floor of the nose, close to the septum Deep anaesthesia 
is not necessary before passing the tube and is not an advantage. Gum 
elastic catheters up to size 23 (French) may be used if preferred to the 
tubing The more patent side of the nose is chosen for the passage of 
the tube 

Rectal or colonic administratton of ether, by an ether oil muxture, is 
not suited to routine use because the dosage cannot be controlled 
with suffiaent accuracy The conditions are very different from those 
present when the drug is being given all the time in a manner which 
can be strengthened, w eakened, or stopped at a breath, as the patient s 
condition demands It is true that rectal ether can be augmented m its 
action if necessary, by covenng the patient s mouth so that the vapour 
IS not bnskly expelled but is re-breathed to some extent , or, on the 
other hand when narcosis is too deep, the ether-oil can Be drawn off 
by keeping a tube m the rectum These measures do not, however, 
allow the same graduation of doses that is possible with inhalation 
After effects that sometimes anse are distension of the bou el, tenesmus, 
or diarrhcea with some blood WTien this method is employed the 
bowel should be washed out with soap and water after operation To 
leave a couple of ounces of obv e oil m the rectum after this is thought, 
by some authonties* to enhance the patient's safety and comfort The 
administration of ether vapour by itself per rectum has recently been 
advocated Dxpenence is not yet wde enough to determine its v alue 
It was m this w'ay that Pirogoff, as long ago as 1847, originally tned 
rectal ether 

The mixture consists of olive oil and ether, the strength of ether 
never being greater than 75 per cent lor adults and 5ti to ti5 per cent 
for children and feeble subjects Not more than 8 oz of the mixture 
IS to be used The dosage may be reckoned as 1 oz of the oil-ether 
mixture for every 20 lb of body weight An apenent is given the 
night before operation day and water enemata on the morning of that 
daj, until the return is clear One hour before the injection, 2 to 4 dr 
of paraldehyde with an equal amount of olive oil are administered 
per rectum Hjpodermic injection of morphia or of omnopon and 
atropine may be substituted if preferred The washing out of the 
rectum should be completed at least two hours before operation time 
Half an hour before operation the rectal injection should be made The 
patient hes on his left side m bed with the knees bent A soft rubber 
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tube, already filled wfh the mixture, is passed up the rectum for six 
inches The mixture is poured through a funnel at the rate of not 
more than 1 oz per minuje Narcosis may be increased by placing 
a towel over the patient s face or, during face operations, more 
an, -esthetic may be supplied by inhalation from the tube of a Shipway 
or Junker apparatus If. as is rarely the case, narcosis is too deep, a 
tube must be passed up the rectum to withdraw any of the mixture 
still there Precautions to ensure a free air-ivay are just as important 
as dunng ether inhalation After operation two small soft tubes 
should be passed, to wash the rectum free by injecting cold soap and 
water up one tube and alloiving it to escape from the other 
. The nsA of colonic ether administration is mainly confined to un 
healthy states of the bowel The anjesthetist must be perfectly certain 
that the rectum and colon are normal Disaster has followed the use 
of the injection for a patient who had concealed the fact that he was 
subject to dysenter}’ Fatalities have also been recorded that are 
apparently due to the toxic action of ether Strict limitation of dose, 
freedom of air way. inhalation of oxygen, and if necessary, artificial 
respiration should however render such mishap almost impossible 

of ether by swalloxotng was tried on many patients m 
mihtaiy hospitals during the Four Years War Analgesia may be 
obtained, but not true aniesthesia, unless in exceptionally susceptible 
subjects The method was useful for painful dressings Ether was 
given wth liquid paraffin (i oz of each), accompamed by pepper and 
salt and lime juice or, sometimes, port %vine 

loiravenoiis xnfiiston of ether requires special apparatus to ensure that 
the solution is applied in a slow, steady stream Nvithout the possibility 
of air-bubbles The instrument designed by Rood is perfectly satis 
factory The method is only recommended where addition of fluid 
to the circulation is desirable Hedonal and isopral were both tned 
extensively by infusion without approval Fatalities accompanied the 
too-Iong coma which follows these agents, as well as medinaJ 

Intramuscular tnjeclion of ether, wathout presenting any advantage 
over other methods has the drawback that it may lead to sloughing 

Vmethene (divinyl ether) is an admirable anssthetic for short opera- 
tions and for supplementing nitrous oxide m long ones It is much 
less imtatmg than ethyl ether and not unpleasant It is so volatile 
that it cannot be given conveniently by the open method, but when 
given from closed apparatus must be freely diluted with air or with 
oxygen, as it is extremely potent m high concentration 

Ethyl chloride is of routine use either (1) for operations so short 
that they can be performed after the administration of a single dose of 
the drug, or (2) as a preliminary to ether or chloroform mixtures 
For short operations it is given w doses of from 2 c c for a small child 
to 5 c c for an adult male The most eflective plan is to use the 
face-piece and small bag of Oover s mhaler The bag is fitted with 
0 mount which carries a small tube holding the ethyl chloride so that 
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this IS readilj tilted into the bag Used in this ^\aJ \Mth the bag 
mounted on a Clo\ers inhaler eth\l chlonde is also \en useful is a 
prehmmarj to ether for persons nho are^ot con\enientU managed 
\nth nitrous oxide Squirted on to an open mask the drug is mc^,t 
useful for rapidlj inducing unconsaousness in crjing fnghtened 
infants or in >oung children vho are to be in-csthetizcd with ether or 
chloroform mixture 

Abrand* designed an apparatus for prolonged narcosis b} eth>l 
dilonde It is doubtful ho\\e\er whether the anaathcsia obtainabh 
IS so unifonn or so safe as that which can be secured bj ether or gas 
and oxjgen 

Chloroform which remains in certain cases of severe respiratory 
embarrassment the anresthctic of choice is best given b> an appanliis 
such as that of Junker or of Shipvva> which enables the anxsthetist to 
supply a umform and stncllj controlled v'apour \Mien the administra 
tion must be with chloroform throughout it is best begun with a drop- 
bottle and open mask If the anasthctist keeps up a continuous supplv 
of d^ops into the mask but never lets this touch Uie face he will run 
no nsk of overdose Tlie vapour thus supplied if kept \er> dilute 
15 less imtating than the draught from an apparatus whicJi is 
substituted directlj the pitient is sufTicientl) under the influence of 
the drug to be insensitive to what he inhales 

Eripan and pentothal are two barbiturate an-csthetics which given 
intravenously arc admirable for short operations when full relaxation 
is not needed Tlie necessary 5 per cent solution n made fresh from 
two ampoules in winch the drug and distilled water are supplied It 
IS injected into a v cm of the arm at the rate of I c c in I > «econds until 
consciousness is lost and then half the amount injected is added Tlie 
arm must be safely fixed and care must also be taken tliat tlie airwa> 
is not obstructed b) spasm of the jaws which is not uncommon Usuall) 
induction is perfectly quiet and is often introduced b} a >awn Un 
consciousness comes on rapidl) Recovery is also rapid but tlicre maj 
be restlessness or an intoxicated condition lasting some hours for which 
reason patients should not be allowctl to go avvav from supervision 
soon after a minor ojicration under these quickl) acting barbiturates 

Longer operations can be performed under these drugs by Icavang 
the needle im si/» and adding doses os required Special apparatus 
for the introduction of continuous saline solution is needed The 
method does not appear to ime advantages over the more tistnl 
gaseous agents 

BASAL AN/CSTUETICS 

The practice of giving some prcJiminarv «5edative before on ana>- 
thetic has been extended b\ the introduction of basal ana.'sthctics 
which have two chief purposes (1) to prevent all harmful j)s>chic 
effects b> means of an casj induction of uncansciousncss earned out 
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while the patient is still in bed (2) to diminish greatly the amounts 
of toxic aniesthetic required and to enable most operations to be 
earned out merely with the additional aid of nitrous oxide or other 
gaseous anresthetic 

The basal anaesthetics in common use are paraldehyde, avertm and 
various barbiturate preparations, the most recent of which are evipan, 
pentothal and nembutal, which bid fair to replace the older amytal 
and pemokton Paraldehyde and avertm are given per rectum 
Nembutal is given either intravenously or by the mouth Evipan and 
pentothal are given intravenously Paraldehyde is given at a dosage 
of one drachm per stone of body-weight of the patient, with half an 
ounce of olive oil per drachm of the drag It is introduced into the 
rectum an hour before operation and a hypodermic of omnopon or 
corresponding drug is usually given half an hour earher 

Avertm is given in doses of about 0 3 gm per kilo of bodyweight, 
which IS roughly 3 gr per stone, m a 8 per cent solution with water 
No other preUmmary drug should be used unless the patient is alcoholic 
or very resistant The dose should be injected three quarters of an 
hour before operation, and should be^run in \Mthin 5 to 10 minutes 
Within fifteen minutes there are generally unconsciousness, contracted 
pupils and shallow automatic respiration Care must be taken to 
prevent mechanical obstruction of the air way from falling back of the 
lower jaw and tongue 

Nembutal is supplied m ampoules of 7^ gr which are dissolved in 
10 c c of distilled water, for intravenous use, though the whole of this 
IS hardly ever required A 10 c c synnge ivith a fine needle is used 
and the injection, made at the rate of 1 c c per minute, need not be 
begun untd ten minutes before operation The dose is the minimum 
amount needed to produce sleep, which comes on rapidly and quietly , 
as soon as it occurs the administration must be discontinued Capsules 
of U gr are supplied for oral or rectal administration This should 
take place half an hour before operation Drowsiness lasts from one 
to five hours after operation There is restlessness m some patients 

All the basal narcotics are to be used with caution The great 
advantage which they offer to nervous persons must not be allowed 
to obscure the fact that they do to some extent increase postoperati\e 
risk unless the amounts given are very carefully controlled 

SPINAL ANALGESIA 

The value of spinal analgesia m suitable cases cannot be overstated 
Occasionally, operations have to be performed on patients whose lung 
condition renders inhalation, even if possible, extremely undesirable 
Amputation for diabetic gangrene is an operation for which spinal 
analgesia is often the best andesthetic Experience has shown that the 
Trendelenburg position, if not instituted until at least five minutes 
after the injection, can be quite safely used with spinal analgesia 
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Occasional failures uhen there is no doubt about the fluid having been 
properly injected into the intra arachnoid space have been attnbuted 
to faulty glass ampoules Occasional partial failure is the bugbear of 
all local amssthetif measures and cannot alvvajs be put down to faulty 
techmque its most common cause 

It must be remembered that a spinal injection on the perfectly 
conscious patient is never painless Therefore preliminary injections 
of omnopon and scopolamine or similar drugs enough to dull sensibility 
should alwaj’s be used unless there is grave reason to the contrary 
In many cases where spinal injection is desirable particularly for coir 
plete muscular relaxation it is perfectly admissible to secure un 
consaousness first m the ordinary way or by a basal narcotic after 
wards giving only enough of the general anxsthetic to mamtain un 
consciousness without any depth of anesthesia This is often the best 
practice m operations for remov al of the prostate and for Wertheim s 
^sterectomy The spinal injection is made with the patient sitting 
or lying on the side The recumbent position must alwnys be used 
with the unconscious patient the sitting position is easier for the 
injection In either case the object of the position is to secure the 
greatest possible flexion of tho back m order to increase the space 
between the spinous processes The space selected for the puncture 
and injection is generally that between the 2nd and 8rd lumbar spines 
or between the 1st and 2nd or the 3rd and 4th The method is best 
confined to operations below the umbilicus The space desired is 
found by means of the fact that a line drawn across the back from 
the summit of one iliac crest to the other passes over the spmous 
process of the 4th lumbar vertebra Tlic anesthetists hands the 
puncture area his implements’ and everything he touches must be as 
surgically clean and guarded as the operation itself Sterile towels 
must be fastened over the ihac crests for palpation If an ampoule 
is used it must be held and broken by nurse or assistant so that the 
anesthetist s hands are not contaminated Barker s solution (stovaine 
10 per cent glucose 5 per cent distilled vvater 85 per cent ) kept m 
hermetically sealed ampoules which provide G eg of stovaine m 2 c c 
of solution IS a very satisfactory agent The synnge hollow needle 
and cannula associated with the same surgeon s name are perfectly 
effiijcwin.t bit making the uiyectma The spinous process 

just above the space to be entered is palpated with the forefinger of 
the left hand The site of the proposed injection and its track to the 
dura are first injected with novocain solution from a hypodermic 
synnge 

The hollow needle without the synnge is applied dose to the skm 
of the back at the desired pomt pressuig up slightly against the pulp 
of the left forefinger and then vvith a sharp push is made to penetrate 
the skm and mterspmous ligament This puncture must be absolutely 
m the midlme The stylet is vvathdrawTi and the needle pushed m 
through the dura mater givmg almost the sensation of piercmg paper 
Cerebro-spmal fluid escapes either in a small spurt onndrops About 
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p much is allowed to come out as the quantity of solution to be 
injected. The cannula is now passed down the hollow needle and the 
injection made with firmness, but not suddenly. The depth to which 
the' needle has to be pushed varies with the fatness of the back ; 
generally, it is between one and two inches. If no cerebro-spinal fluid 
escapes, the injection should not be made. Nor should the needle be 
pushed blindiy about in the hope of striking the desired space ; rather 
should it be withdrawn and a fresh puncture made. It should be 
borne in mind that the more forcibly the injection is made, the higher 
is likely to be the analgesia obtained, and that the more of the stovaine 
solution used, the longer the analgesia lasts. With usual doses (about 
5 eg.) analgesia commonly lasts about an hour. It is often advisable, 
especially in old men having the prostate removed, to reduce the dose 
to 4 or 8 eg. Analgesia appears within ten minutes after injection. 
When the injection has been made the needle is withdrawn slowly, a 
small pad of sterile dressing is fastened over the puncture with collodion, 
and the patient laid on his back. The head and shoulders should be 
slightly raised on a pillow, and a sand-bag placed behind the buttocks 
to localize the injection to the most dependent part of the back. After 
five minutes it is no longer necessary to keep the head raised. In fact, 
if the Trendelenburg position is required, it can safely be employed 
after this interval. 

The danger of spinal injcclmi. although not often demonstrated, is 
that inherent in all injection methods ; if by any chance the dose used is 
e.\cessive, there is no means of extracting any part of it. In the course 
of many hundreds of injections there occurs sooner or later an un- 
expected collapse. This is probably to be attributed to the power 
which injected analgesics have of lowering blood-pressure. Short of 
fatal collapse, there are occasional!)' pallor and faintness, or a condition 
resembling " air-hunger," which may need artificial respiration. It is 
noteworthy that these drawbacks to spinal analgesia are less common 
with improved technique, and particularly now that the head and 
shoulders are no longer kept raised for long periods after the injection. 

Recent work has shown that with novocain and allied drugs there 
is no fear of paralysing the respirator)' centre, even if the injected dose 
travefs up m tfie cerefiro-spmaf iTuid. This does not appfy to stovame. 
Novocain is now being used fearlessly for operations above the 
umbilicus, indeed by some for operations in any part whatever. 

Postoperative clangers from spinal injection are very' variously 
estimated. Neurologists maintain that they see numerous instances 
of nerve trouble which have been started by spinal injection. Ana^- 
thetists hold the view that these are rare unless tlie technique of 
injection is faulty. Headache and sixth-nerve palsy are common, but 
transient, sequelce. 

Percaine is a non-toxic and highly effective local ancesthetic. It is 
put up in ampoules and used in solution of 1 : 1500 saline. Only a little 
cercbro-spinal fluid is allowed to escape and then a dose up to 20 c.c. of 
the percaine solution is slowly injected. This maximum dose gives an 
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anjesthesia up to about the 2nd doisal segment Lesser amounts are 
used when no high level of anjesthesia is needed * 

A great advantage of percaine is the increased length of amsthesia 
it gives compared with novocain and stovaine 
Sacral analgesia has now had considerable tnal and maj be 
regarded as a useful alternative to spinal analgesia for operations on 
the genital and rectal regions and the lower limbos It is probabl} freer 
from nsk than mtrathecal injection On the other hand, the analgesia 
takes much longer to produce and larger quantities of solution are 
required The injection ma> be difficult owing to the vanabihtj of 
the landmarks which indicate the site of the puncture — the sacral 
hiatus through the membrane guarding the sacr^ canal This hiatus 
IS situated between the two bony knobs which represent the cleft 5th 
sacral lamina Sometimes thej are plainlj felt and the depression 
between them is easilj entered b\ the needle Sometimes, on the other 
hand, the 5th sacral spme is not represented bj two equal prominences, 
but maj be mostly composed of one mass at the side of which is the 
openmg In fat persons, again the bon> prominences maj be ver^ 
difficult to palpate Thej are usually about an inch above the tip 
of the coccyx which is easily palpated m the anal cleft between the 
buttocks The finger ruruimg up from here meets the sacral hiatus 
guarded by the two bony knobs representing the 5th sacral spine 
The needle is pushed m vertically for about J m and then depressed 
till it hes m the axis of the sacral canal when it is pushed farther on 
If it has entered the canal it is easily movable from side to side but 
hardlv at all from before backwards The needle should be pushed 
up about 2 inches No'fiuid should escape The sy rmge is then fitted 
on and the injection made 2 per-cent novocam with 20 drops of 
adrenalme solution (1 10 000) for every 100 c c of novocam At 
least 40 c c of the mixed solution is generally needed The patient 
lies comfortably on one side there is no need to arch the back but 
the knees are best shghtly flexed If the operation is on one side, as 
for example for a hernia the patient should lie on that side while the 
mjection is made ^Vhen the solution is throwm in there should be 
no swellmg or oedema If this occur*- it shows that the sacral canal 
has not been entered and the injection is being made superfiaally . 
which will of course, give merely a quite local analgesia and no blocking 
of the nerves When the injection is properly made, the sacral and 
coccy geal nerv es are blocked Large quantities of the solution can be 
made to travel up the spinal canal and although outside the dura 
mater to affect the posterior roots as they emerge so that quite high 
levels of anaesthesia may be obtamed Experience is not y et sufficiently 
extensive to declare these high mjectioos perfectly safe Conviilsive 
attacks the explanation of which is not obvious, have attended the 
injection of large amounts of novocam solution into the sacral canak 
The mjections are made with the same strict cleanliness as with 
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intrathecal injection It is always advisable to precede the puncture 
w ith a sedative hypodermic mjection an hour before The ordmary 
Record s> nnge and needle is a perfectly satisfactory' mstrument, but 
the needles must be reliably' strong, for it is easy to break them m the 
firm fibrous tissue about the sacral hiatus 

Peridural anaesthesia is alhed to sacral analgesia but applied to 
higher levels of the spine It aims at getting analgesia by injections 
which do not enter the cerebro-spmal fluid They are made into the 
peridural space and affect the roots of the spinal nerves * 

LOCAL ANALGESIA 

Local analgesia is produced either (I) by surface application, 
used only for mucous membranes e g in the nose, larynx and eye , 
(2) by infiltration, the tissues being saturated with the an-esthetic 
solution layer by layer, or (8) by conduction or regional injection, 
when the solution is applied to the nerve trunks thus rendering 
insensitive the regions supphed by them In practice a combination 
of infiltration and regional injection is commonly employ ed Obviously, 
for the proper use of regional analgesia, an accurate knowledge of 
anatomv is essential A full description of local analgesia is not within 
the scope of this article Generally speaking it may be stated that 
although there are few operations which cannot be performed under 
local analgesia yet it is best reserved for superficial procedures, eg 
tracheotomy, some strangulated hernias and the removal of digits, 
or of tumours beneath the skm In combination with general 
antestlietics however, local anaJgesiahisawideapphcation andgreatly 
enhances the value of these drugs This is because severe operations 
can then be performed under nitrous oxide and oxygen alone, thus 
saving shock and after sickness or under greatly reduced amounts of 
ether or chloroform Tor severe abdominal operations gas and 
oxygen alone is never sufficient If however the surgeon mfiltrates 
novocain into the skin then into the muscles and finally into the 
pentoneum, often no general ancesthetic bey ond nitrous oxide is needed 
Again, m operations for exophthalmic goitre it is a great gain to 
recfuce ifo a mrrminrm (he iahxlatwrt of genecal oaaxtlietKs Indeed, 

no general amesthetic at all may be required if the patient is first 
given a sufficiently large dose of narcotic hy podermically, and then 
local analgesia The most widely useful local anesthetic is novocam 
with adrenalme There is practically no lunit to the amount of J per- 
cent solution that may be injected Percame gives a more lasting 
analgesia than nov ocain but, being aad, is just a little painful at first 

Splanchmc analgesia is of great value for severe operations on 
the upper abdomen A quantity of novocain solution is put in contact 
with the solar plexus by an antenor (Braun) or posterior (Kapp s) 
route In the first the abdomen is opened under general anasthesia 
or a field block, the aorta gently retracted, and 70 c c of 0 5 per cent 
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novocain axe injected in close contact with the lateral aspect of the 
body of the first lumbar vertebra When the postenor route is used 
the patient is gi%en a preliminary sedative and is placed on the side, 
with a small pillow under the loin The spinous process of the first 
lumbar \ertebra is located and a point taken 7 cm external to it, just 
below the lower border of the first nb A needle (12 cm long) is intro- 
duced at an angle of 45* to the median plane and its point should stnke 
the side of the body of L, The needle is then partly withdrawn and 
reintroduced m a more forward direction until its pomt slides 
tangentially past the body of the \ertebra It is then pushed in 1 cm 
furtherand, aspiration bemg negative, 20-30 cc ofl-per cent novocain 
are slowly injected The patient is turned on to the other side and the 
process repeated The abdomen is then opened under field block or a 
short general ansesthetic, as seems best 

Avoidance of shock. — The avoidance of shock dunng and after 
operation is largely withm the control of the anesthetist It remains 
with him to choose the anesthetic and method best calculated to arrest 
shock to see to continuous saline infusion, preservation of bodily 
warmth and the most appropnate posture dunng operation and to 
suggest treatment after operation TTiere is no doubt of the efficacy of 
continuous saline infusion if it is started from the beginning of the 
operation The supply of fluid and the preservation of bodily warmth 
are the most effective measures to prevent and combat shock Tlie 
saline infusion is made into the loose axillary tissues on each side by 
Lane s simple apparatus BIooi\ transfusion is the most effective form 
of fluid substitution Qaylisss gum arabic (C per cent m 0 9 per cent 
sodium chloride) gives better results than ordinary saline, which passes 
out of the vessels too quickly Glucose 3 per cent , in normal saline is 
very generally employed fhe body -heat iS preserved by having the 
table warmed by limiting exposure as far as possible, and by giving 
warmed vapour The Trendelenburg position is a great help m avoid* 
idg shock dunng long abdominal operations \\’henever shock is 
present much care is needed in altenng the position of the patient 
Dangerous effects can easily be induced by suddenly raising the trunk, 
or the head and neck or even by too abrupt rolling 

Restorative measures in collapse during anesthesia — There is no need 
to dwell upon the ordinary steps to be taken at once m cases of failure 
of respiration Withdrawal of the ansesthetic, lowenng the head 
dramng forward the longue and secunng a free air-way, followed 
by rhythmical compression of the chest and, if necessary', systematic 
artifiaal respiration must be emploved at once Recent work has, 
however extended our knowledge of the possibilities of resuscitating 
those patients m whom there is no reaction to these first measures 
Cardiac massage has been put upon a firmer basis as a successful 
measure when all else has failed It is based upon physiological 
expenments beginning wath those of Schiff in 1874, who proved that 
it was possible to re establish cardiac pulsation and respiratory move 
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ments even up to 11^ minutes after the heart had stopped in animals 
killed by overdoses of chloroform Later workers resuscitated dogs 
after they had been asphyxiated or rendered pulseless by clectncity 
The first reported complete success m the human subject appears to 
be that of Lane in 1902 ft is supposed that the cardiac massage acts 
by restoring circulation through the coronary artenes ' The aspirating 
effect of the recoil of the heart-ivall, after compression m all 
probability determines a flow of blood from the large veins into the 
auncles, and so into the ventncles (Korbury) From the ventncles 
it IS squeezed into the coronary artenes and it has been proved that 
normal saline injected into the coronary artenes stimulates the heart 
itself and wdl restore the beat even m animals with brain and cord 
destroyed Levy holds that massage does not provide a mechimcal 
stimulus to recovery hut that it restores the fibnilating ventricles to 
that condition in which they can evert their natural tendency to 
recovery, and maintains this condition until recovery takes place 

Cardiac massage cannot be effectively performed without opening 
the abdomen, except m young children \Vhen the abdomen is open 
the massage may be performed either subdiaphragmatically or after 
incising the diaphragm (transdiaphragmatic route) The former is 
quicker The surgeon passes his hand between the diaphragm and the- 
left lobe of the liver The heart is defined and pressed against the 
thoracic wall, counter-pressure being mamtamed with the other hand 
against the left ribs or else the heart is kneaded through the diaphragm 
by the closed fist Whatever method is employed artificial respiration 
should be earned on at the same time and may have to be continued 
after the heart has resumed its beat 

Henschen desenbes a case m which the heart of a man of 82 was 
revived by 1 5 c c epinephnn injected through the 4th left mterepace 
Recently it has been showm that stimulation of the heart b> insertion 
of a needle preferably into the wall of the right auncle, is an effective 
means of restarting its action Probablv it is a matter of indifference 
what, if any, drug is injected it is the pnek of the needle which pro 
vides the needed stimulation The third nght interspace half an inch 
from the sternum is the place where the needle— a slightly curved one 
— should be inserted 

It IS probably useless to try to restore the heart s action more than 
thirteen minutes after respiration has ceased Nor should operations 
for massage of the heart be started until at least fi\ e minutes have been 
spent on artificial respiration and allied measures 



CHAPTER II 


CONSERVATIVE TREATMENT IN 
SURGICAL TUBERCULOSIS 

Bi SIR HENRY GAUVAIN 
INTRODUCTORY 

Operatiovs in surgical tuberculosis should nrel) be considered until 
the possibilities of conservatnc treatment ha\e been explored It is 
therefore logical to include non operatne measures in a «ork of this 
dcsenplion Moreo\er conscrxative methods need to be used more 
and more in connection ^\lth operative treatment 
Open air and sunlight are equally \aluable m radical and in con 
servatjve treatment Their i-aluc is unstmtingl) recognized bt those 
of conser\ati\c tendencies but it is much to be deplored that thc> are 
not more generally employed m ordinarj hospital practice No mMcm 
hospital should be erected uithdut ample balcon> accommodation 
Tlie recent im cntion of the heltodon gives tlic modern hospital arclutect 
the opportunity of so constiaictmg his hospital tliat the utmost possible 
advantage maj be taken of available sunshine 
Tor those who live m towns more advantage should be taken of 
gardens public parks or even back jaiitls and flat roofs for open air 
treatment T7ie importance of general treatment as a means of raising 
resistance to the tubercle baallus in cases m wlucli some su^ical 
intervention is indicated cannot be too stronglj stressed and I plead 
for a greater recognition of its value 

Bj conservative treatment of surgical tuberculosis is meant the 
adoption of all measures which tend to improve the patient s general 
health increase the powers of resistance to tuberculous disease and 
pre«erve or restore the part or parts attacked — in contradLstmction to 
radical treatment which aims at the cure of the disease b> the removal 
of the local lesion 

\\liile such a definition does not neccssanl} exclude surgical inter 
ference it obvaouslj does involve the use of verj active numerous 
and sometimes complicated methods of treatment calculated to secure 
the arrest of the disease and at the same time reduce to the utter 
most disablement or deformity induced b> specific lesions Pure 
surgery from being the one treatment is relegated to an inferior bfit 
at times still useful position as a possible aid to curt or amelioration 
under cert iin conditions 

It 1 -. important to note that this conception of treatment differs 
46 
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Widely from ^vhat w as formerly understood by conservatism, w hich, at 
one time, v. as thought to mean merely avoidance of operative inter- 
ference, and \\ hich offered little in the place of surgical intervention 
Indeed, conservative treatment was almost synonymous Muth absence 
of treatment, or at most connoted the convalescent treatment applic- 
able in any cripple home, no matter how ill equipped or indifferently 
staffed Conservatism, as onginally understood, had its beginnmgs 
in pre antiseptic days, when surgical interference was almost futile 

New pnnciples m treatment became indicated with mcreasmg know - 
ledge of the pathology of tuberculous lesions and the belief that they 
were the result of a local infection or disease and subsequent excentric 
destruction of tissues by tuberculous elements advancmg much as does 
a neoplasm From this new " tuberculome ' conception evolved, 
logically, a radical surgical treatment which, supported by the recent 
discovery of antiseptics, consisted m the total removal of tuberculous 
tissues This practice, possible and efficacious with small tuberculous 
foci, exposed the patient to serious nsk when applied to extensive, 
longstanding lesions Moreover, while it was hardly ever possible 
completely to remove the mfected tissues, the method, by the extensive 
mutilations which it involved, produced deplorable orthopiedic results 
In particular, systematic resection of the hip joint which was practised 
in every case of abscess-formation, left patients who recovered 
sadly crippled In spmal canes the removal of all tuberculous material 
was rarely possible, and extensive surgical interference w ith such lesions 
was disastrous m the extreme 

These extensive operations were followed by both a high immediate 
and a high subsequent mortality They created large areas of absorp- 
tion which exposed the patients to grave dangers of fresh inoculation 
of tuberculous or other organisms , and general dissemination, menin- 
geal lesions or lardaceous disease often follow ed Clmical considerations 
gradually led to their abandonment, and there ensued a less daring 
and less radical surgical period which is now gradually bemg superseded 
by even more restricted direct operative interference 

This limited surgical practice confines itself largely to an attack on 
the abscess abandoning, as a rule, attempts at the complete removal 
of the more extensive bony lesions Essentially, it consists in curetting 
or excising the abscess cavity, or even merely incising and evacuating 
the contained pus, under the most rigorous antiseptic precautions 
Tlie incision is tlien sutured, when possible without drainage Indeed, 
m bone and joint disease, direct attack by operation, other than 
excision or erasion of small tuberculous foci, is to-day very largely 
confined to the evacuation of complicating abscesses Excision of 
large actively tuberculous joints is performed more and more rarely, 
except for tuberculous disease of the knee joint in adults Amputation 
of limbs IS almost entirely confined to those cases in which severe 
secondary sepsis endangers life 

Many surgeons had already arrived at this stage a decade or more 
ago, as a result of bitter clinical expenence In the preface to the 
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second edition of his work on Tuberculous Diseases of the Bones and 
Joints (1911) Sir Watson Che3mewrotc — 

There is no question that operatue interference is \ery much less 
frequently employed at present than it was at the lime when the first 
edition was published Since tliat time however experience lias 

been accumulating and has shown that with careful hjgienic and local 
treatment the outlook of tuberculosis especially of the forms met with by 
the surgeon la more favourable than was at that time thought and the 
frequency of operations especiallj at the eark period of the disea'se and 
in the absence of suppuration has been steadilj diminishing Indeed the 
pendulum is tending to swing rather too far m the conservative direction 

The first part of this quotation still holds good , the last sentence 
now needs revision Careful Ingtene and local treatment hav e become 
even more potent factors in obtaining a cure and are now applied with 
ever increasing intelligent care and in addition other aids to cure- 
numerous and in certam circumstances of immense value —have been 
introduced their potentialities explored and their value more and 
more realized and appreciated Conservative treatment no longer 
means merely the application of simple rules of hjgiene and imperfect 
local treatment In the light of the definition already given conser 
\ati\e treatment has assumed an importance and a value which a 
generation ago was almost incomprehensible increasing research 
know ledge and experience hav e plac^ the principles of conserv atism on 
an ex er surer and more stable basis 

It is important to realize that a bone or joint lesion is rarely the 
pnmary focus of infection The organism has already obtained lodg 
ment in its host Subscquentlj conditions being favourable it 
establishes itself and produces pathological changes m various organs 
The resulting lesion is a local inflammation tn a tuberculous paheiit and 
not merely a local inflammation This fact is of great importance , it 
increases at once our pow ers and our responsibilities The excision of 
a tuberculous lesion a logical procedure under the tuberculome theory 
IS as I have said no longer ncccssanly sufficient m the light of this new 
knowledge And the more tuberculous disease is investigated the 
greater becomes the evidence that it is a general infection With 
increasing skill and improv mg technique the bacteriologist is now able 
to isolate the bacillus not only from the local lesion but sometimes 
even from the circulating blood itself Tlie cause of the disease being 
known the question at once anses whether the bacillus may not be 
directlj slam in the tissues it infects without danger to its host and 
this has suggested methods of treatment of great promise but hitherto 
of small fulfilment Nevertheless vaccines and chemotherapy are 
methods theoretically at any rate full of possibilities and even now 
in certam circumstances they may be usefully employed as adjuncts m 
conservative treatment 

So much interest has been focused on the seed the tubercle bacillus 
that too little attention has been paid to the sod m which it is sowm— 
the patient Different races different individuals and even different 
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tissues m the same individual show wdely differing powers of resist 
ance to the bacillus Moreov er under diffenng conditions the resistance 
of the same individual vanes enormously Toxsmia from vanous 
causes— exposure trauma bad heredity unfavourable social conditions 
— all lower resisting power But while the individual resistance may be 
thus lowered so it may also be raised and this is one of the most power 
ful means at the disposal of the conservative surgeon in preventing or 
eradicating tuberculous disease 

By good hygienic conditions simple and suitable diet hfe in the 
open air and under the tome and bactencidal influence of the sun the 
patient s immunity may be so reinforced that he may achieve high 
resistance to infection and even overcome the disease himself This 
fact IS becoming increasingly recognuced and well planned and co 
ordmated methods of prevention are assuming a continually more 
important place and are urgently indicated where bad heredity or 
unfavourable social conditions render an individual especially liable 
to infection 

Willie the discovery of the tubercle bacillus and increasing interest 
in problems of immunity have contributed largely to the importance 
of conservative treatment in surgical tuberculosis the gravity of sinus 
formation with its nsk of secondary infection has rendered even more 
urgently and vitally necessary the adoption of methods which will 
reduce to a minimum the nsk of so senous a complication It is here 
that conservative treatment has achieved its most brilliant success 
Closed a tuberculous abscess is comparatively harmless Open there 
IS the great danger of secondary septic infection A sinus is almost 
always followed by septic infection both of the sinus and of the focus 
of disease from which it originates Profuse suppuration and fever 
exhaust the patient amyloid disease or general dissemination is likely 
to follow and not only is the penod of incapacity unduly lengthened 
and recovery more difficult but death itself is not uncommon It has 
been estimated that 75 per cent of cases of spinal canes with septic 
sinuses die as the direct result of secondary infection The direct 
mortality m spinal canes without added sepsis should not exceed 
4 per cent and even this low figure is diminishing 

For convenience m descnption we may consider conservative 
treatment under the following headings General Local and Adjuvant 

GENERAL TREATMENT 

rhis includes all those methods calculated to raise the resistance of 
the patient such as climate hygiene diet drugs discipline education 
or suitable occupation and treatment m institutions specially designed 
equipped and staffed and established in suilable localities 

Rest — It may seem unnecessary to emphasize the importance of rest 
but adequate rest and wholesome sleep are not always prescribed as 
insistently as they should be Rest m acute cases should be stnctlj 
enforced and should comprise not only recumbency but also immobili 
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second edition of his u ork on Tuberculous Diseases of the Bones and 
Joints (1911), Sir Watson Chejmeurote — 

"There is no question that operative interference is lery much less 
frequentli employed at present than it was at the time i\hen the first 
edition M-as published Smce that tune, honeier, etpenence has 

been accumulating, and has sho\\*n that, uith careful hygienic and local 
treatment, the outlook of tuberailosis especially of the forms met with by 
the surgeon, is more favourable than was at that time Uionght, and the 
frequency of operations especiallj at the early penod of the disease, and 
in the absence of suppuration has been steadily dimmishmg Indeed the 
pendulum is tending to swmg rather loo far m the conservative duection ’ 

The first part of this quotation still holds good ; the last sentence 
now needs revision Careful hygiene and local treatment Jiav e become 
e\ en more potent factors m obtaining a cure, and are now applied w ith 
ev er-increasing intelligent care , and, in addition, other aids to cure — 
numerous and, in certain arcumstances, of immense value— hav'e been 
introduced, their potentialities explored, and their value more and 
more realized and appreciated Conservative treatment no longer 
means merely the application of simple rules of hygiene and imperfect 
local treatment In the light of the definition already* given, conser- 
v'ative treatment has assumed an importance and a value which a 
generation ago was almost incomprehensible, increasing research, 
know ledge and expenence hav e plac^ the principles of conservatism on 
an ev er surer and more stable basis 

It is important to realize that a bone- or joint-lesion is rarely the 
primary focus of mfection The organism has already obtained lodg- 
ment in Its host Subsequently, conditions being favourable, it 
establishes itself and produces pathological changes in vanous organs 
The resulting lesion is a local inflammation in a tuberculous pahent, and 
not merely a local inflammation This fact is of great importance ; it 
increases at once our powers and our responsibilities The excision of 
a tuberculous lesion a logical procedure under the tuberculome theory, 
IS, as I hav e said, no longer necessarily’ sufficient in the light of this new 
knowledge And the more tuberculous disease is investigated, the 
greater becomes the evidence that it is a general mfection With 
increasmg skill and improving technique, the bacteriologist is now able 
to isolate the bacillus not only from the local lesion, but sometimes 
ev’en from the circulating blood it<^If The cause of the disease being 
knowTi, the question at once arises whether the bacillus may not be 
directly slain m the tissues it infects, without danger to its host, and 
this has suggested methods of treatment of great promu-e but, hitherto, 
of small fulfilment Nevertheless, vaccines and cliemotherapy are 
methods, theoretically, at any rate, fuU of possibilities, and even now 
in certain arcumstances they may be usefully employed as adjuncts in 
consen ativ e treatment 

So much interest has been focused on the seed, the tubercle bacillus, 
that too httle attention has been paid to the soil in which it is sown— 
the patient Different races, different individuals, and even different 
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tissues m the same individual show wideZy differing powers of resist- 
ance to the bacdlus Moreover under diffenng conditions the resistance 
of the same individual vanes enormously Toxiemia from vanous 
causes— exposure, trauma bad heredity, unfavourable social conditions 
— all lo\t er resisting power But while the individual resistance maj be 
thus lowered, so it may also be raised and this is one of the most power- 
ful means at the disposal of the conservative surgeon in preventing or 
eradicating tuberculous disease 

By good hygienic conditions sunple and suitable diet life in the 
open air and under the tonic and bactencidal influence of the sun, the 
patient s immunity may be so reinforced that he may achieve high 
resistance to infection and even overcome the disease himself This 
fact IS becoming increasingly recognized and well planned and co 
ordinated methods of prevention are assuming a continually more 
important place and are urgently indicated where bad heredity or 
unfavourable social conditions render an mdividital especially liable 
to infection 

While the discovery of the tubercle baailus and increasing interest 
in problems of immunity have contnbuted largely to the importance 
of conservative treatment m surgical tuberculosis the gravity of sinus- 
formation with its nsk of secondary infection has rendered even more 
urgently and vitally necessary the adoption of methods which will 
reduce to a minimum the risk of so serious a compbcation It is here 
that conservative treatment has achieved its most brilliant success 
Closed, a tuberculous abscess is comparatively harmless Open, there 
is the great danger of secondary septic infection A sinus is almost 
always followed by septic infection both of the sinus and of the focus 
of disease from which it originates Profuse suppuration and fever 
exhaust the patient , amyloid disease or general dissemination is Ukely 
to follow, and not only is the penod of incapacity unduly lengthened 
and recovery more difficult, but death itself is not uncommon It has 
been estimated that 75 per cent of cases of spinal caries with septic 
sinuses die as the direct result of secondary infection The direct 
mortality m spinal canes without added sepsis should not exceed 
4 per cent , and even this low figure is diminishing 

For convenience m descnption we may consider conservative 
treatmentunderthefolloivingheadings General Local andAdjuvant 

GENERAL TREATMENT 

This includes all those methods calculated to raise the resistance of 
the patient such as climate hygiene diet drugs discipline, education 
or suitable occupation and treatment in institutions specially designed, 
equipped and staffed and established m suitable localities 

Rest. — It may seem unnecessary to emphasize the importance of rest, 
but adequate rest and wholesome sleep are not ahvai^ presenbed as 
insistently as they should be Rest, in acute case:,, should be stnctli 
enforced, and should compnsc not only recumbency' but also immobili 
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zation of the part affected, the immobilization bemg espeaally designed 
for the special needs of the particolar lesion, and the prevention or 
correction of deformity Natural sleep is also very important and is 
promoted by hfe m the open air, absence of irritating and unnecessary 
noise, comfortable and congenial surroundmgs. freedom frommnxiety 
and pain, and suitable diet 

Chmate and locabt}. — sunny is to be preferred to a compara- 
tively sunless climate Clear, braang air, with absence of smoke or 
fogs, IS of great importance The patient is therefore best removed 
from smol^ industrial distncts Marsh lands, nver vallejs, and lake 
distncts should be avoided There should be only moderate rainfall, 
for as much time as possible should be spent in the open air In Eng- 
land, inland treatment is best obtainable on the chalky North or South 
Downs at reasonable elevation The rainfall is moderate and cleans 
the air, the chalk at once absorbs all moisture, the elevation is sufBaent 
to improve muscular tone and stimulate the appetite, there is abundant 
sunslune, and it is possible that the hard dnnkmg-vvater is not without 
therapeutic value Wide, w md-suept spaces are reflected b)' a healthy 
muscular tone not obtainable m the stuffy confines of a town or enclosed 
V alley Speaking generallj my cxpenence is w holly in favour of inland 
treatment m suitable localities for acute cases or for young children 
Slanne treatment may be preferable for older patients when the disease 
IS not so active, particular!) in chronic cases with sinus formation For 
children under five, it is generally best to avoid the sea altogether 

For manne treatment certain desiderata are indispensable for the 
best results A flat littoral extensive sandy beach, and wide excursion 
of tide are essentials Along the beach the prevaihng wind becomes 
charged with substances wluch we feel to be helpful even if we cannot 
altogether define their nature The patient should reside as close to 
the sea as can be arranged, both for easy access and for the sake of 
the benefit from reflected sunlight Low rainfall, braang but equable 
chmate clear atmosphere with absence of mist and smoke, remoteness 
from towns, unrestricted use of beach and sea, and protection from 
cold winds are all factors of pnmary importance m the cure On the 
south coast of England, Hayhng Island possesses these desiderata to 
a matkei fiegree, ani Yient^ 'feras Yie«ri itw Wit wavjw. \inwdx 

of the Treloar Cnpples Hospital 

In Switzerland, Lejsm and Montana are admirable examples, of 
localities suited for the Alpme treatment of surgical tuberculosis, when 
mountain treatment is specially mdicated The advantages are low 
atmosphenc pressure, low rainfall and dryness of atmosphere, infre- 
queniy of wmds. inconsiderable fog, prolonged duration of sunshine of 
high actinic value, augmented in winter by reflection from the snow, 
intensity of heat ra)s, and pure cool air of high radio-activity It u 
doubtful, however, if these advantages sufficiently compensate for 
an expensive and fatiguing journ^ to a remote distnct in a foreign 
country. 
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In certain cases it will be found of real benefit to vary treatment 
bet\\een inland and manne stations for change of air and scene, especi- 
ally when heliotherapy and balneotherapy are indicated For those 
able to cross the sea to a milder climate where hehotherapy and sea- 
bathing can be longer enjoyed than m England, the Channel Islands 
possess peculiar advantages with the additional inducement of English 
nile and low cost of living 

Occupation. — point of importance which has not received the 
attention it deserves is the occupation of the patient while under 
treatment Children should be educated adolescents trained, and 
adults congenially employed In chronic disease of long standing this 
IS a matter which has marked influence on the psychology and future 
of the patient A normal healthy well cared for suitably occupied 
patient is a happy patient He is able to give full play to natural • 
healthy mental and physical activities The monotony of long enforced 
recumbency and immobilization is allei lated Attention to this matter 
IS reflected m the patient s responsiveness to treatment and raatenally 
assists m cure 

Tuberculin — ^Tuberculin in the treatment of surgical tuberculosis 
has been advocated by many abandoned by most and continued by 
few I have tned many types of tuberculin as advised by enthusiasts 
m numerous cases The results were uniformly unconvincing Even 
tually with the generous assistance of one of the most distinguished 
exponents of this form of treatment a number of cases with controls 
were subjected to this treatment with the most careful precautions 
.for a prolonged period The results were negligible and I remain 
unconvinced Need more be said ^ 

LOCAL TREATMENT 

Careful local treatment is supremely important for the cure of the 
local lesion, the prevention or correction of deformity and the manage- 
ment of complications such as abscesses or sinuses It necessitates 
minute attention to detail and is largely orthopiedic with the added 
limitation that the patient is tuberculous Forcible or rough mani- 
pulation must always be avoided as that would facilitate further local 
spread or general dissemination 

In acute disease tlie essentials are rest, frequentlj mvolving recum 
benfy, with efficient immobilization of the lesion, and the simultaneous 
adoption of measures designed to prevent or correct deformitj De- 
formity m jomt tuberculosis is largely the result of spasm induced in 
neighbouring muscles, and can therefore be best countered by gradual 
traction on the muscles mvohed while the lesion itself is kept immo- 
bilized Recumbency is generallj indicated m acute, commencmg or 
progressing lesions, but is often not indispensable in the chronic or 
subacute stage Here, however, immobilization of the lesion is still 
desirable to assist repair or prevent recurrence or increase of deformitj 
Finally, during convalescence, protection or support is generallj 
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indicated and is best provided bj light accurately fitting removable 
splints which ma> be discarded while the patient is Iving dowm The 
stages m which vary mg local means of immobilization or support arc 
mdicated are subject to variations dependmg upon numerous factors 
such as the site and extent of the lesion the virulence of the infection 
indmdual power of resistance and repair age of patient presence or 
absence of other lesions and complications and conditions under which 
treatment is bemg conducted 

Allusion should be here made to fixation of tuberculous joint lesions 
bj operative methods These operations present a great advance in 
treatment and are conservative m nature as they are not designed m 
any way to attack the lesion but merely to immobilize it more effec 
tiveh than is possible by external splintage In spinal canes the 
■operation of bone graftmg as advised by Albee bone fusing as recom 
rfiended by Hibbs or modifications of these are becoming exceedingly 
popular and are better understood than they used to be Arthrodeses 
are of great value especiallv m tuberculous disease of the hip-jomt 
for fixing affected joints and thus reducing the nsk of subsequent 
deformity if merely fibrous anky losis is achieved after treatment of the 
acute disease 

SURGICAL TREATMENT 

I will sum up bnefly the indications for operative interference m 
surgical tuberculosis 

^\^le^e there is a purely local infection (e g a tuberculous finger 
following direct infection) amputation or excision is undoubtedK wise 
it shortens treatment and reduces nsk of dissemination In tuberculous 
disease of the spine operation is indicated to reheve pressure sy mptoms 
on the spinal cord if reasonable conservative treatment has failed 
Here costo transversectomy is usually the operation of choice but 
laminectomy may be suffiaent In patients of poor physique and 
feeble musculature especially in disease affecting the thoracic v ertebr® 
bone grafting as advised by Albee is mdicated when the disease is 
approaching quiescence Tlus is essentially a conservative operation 
and IS designed to reduce the nsk of subsequent deformity or to hasten 
consolidation and shorten treatment It is never advisable in early 
or in progressiv e disease 

Arthrodesis preferably of the extra artiailar type is mdicated in 
tuberculous diseases of Ihe liip jomt when unstable fibrous upion 
occurs and there is a definite tendency' to adduction deformity In 
acute or progressiv e disease it is not called for It should be regarded 
as a conservative measure to prevent deformity but is not a treatment 
which will arrest the spread of active disease In tuberculous disease 
of the knee joint conservative treatment should always be practised 
m growing children and operative treatment is not indicated In 
adults however with no tuberculous lesions elsewhere earlv excision 
IS the treatment of choice after a prelunmary penod (say three months) 
of fixation under suitable open air and hygiemc conditions Con 
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servatwe treatment is here too length} and too uncertain m its final 
results Besides, in an adult, tune is a verj' precious factor, and it is 
better to have a stiff but safe leg for the remainder of life than to have 
an uncertain though movable knee-jomt which ma} show recurrence 
at any time 

More radical measures are indicated where added sepsis and 
secondiiy infection, with the possibilitv of amyloid disease suggest 
that complete extirpation of the lesion is indicated to save life Bonj 
foci m the neighbourhood of, but not mvoUnng, )omts may sometimes 
be excised with benefit 

Tuberculous Abscesses or Boxy Origin 

Of complications occiirrmg in hone and joint tuberculosis and de- 
manding local treatment 
the most important are 
abscess and sinus forma- 
tion Evacuation of a 
tuberculous abscess by 
incision should, wherever 
possible, be avoided 
Occasionally, under 
favourable conditions a 
tuberculous abscess will 
absorb or calcify In 
certain inacc^sible situ 
ations, such *as the pos 
tenor mediastinum 
when its presence causes 
no untoward symptoms 
the patient s best inter- 
ests are served by avoid 
ing surgical interference Fig 6 — Aspiration of psoas abscess 

and ev ery endeavour 

should be made to promote absorption or calcification Jn small 
abscesses secondary to insignificant but accessible local lesions, both 
abscess and causative lesion may at times be advantageously excised 
with aseptic precautions In the yast majority of cases, however, 
abscesses should be evacuated by aspiration with due regard to correct 
technique 

A modified Record sy rmge of 10 20 c c capacity is employ ed With 
such a sj nnge are supplied a trocar, cannula and blunt-pomtcd probe 
The calibre of the cannula should, as a rule, be 1 5-2 mm 

Tlie operation is as a rule comparatively simple Anieslhetics are 
rarely required, except in very young or nervous subjects The skin 
may be frozen if desired, but even this is unnecessary The limits of 
the abscSss cavity are cstablidicd vvitli care and its relations vMth 
neighbourmg organs defined 

Sluch depends upon the point selected for the insertion of the cannula 
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\vith the enclosed trocar The trocar should traverse healthy skin 
and Its point of entrj should be as remote from the abscess as is reason’ 
aby possible Care should be taken to select for msertion a spot 
whither the abscess is not likely to extend Thus, m aspirating a 
■psoas, abscess, the super adjacent skm should be gently pressed ivith a 
sliding motion mwards with the left hand The limits of the ab<;ce^ 
are defined by the left hand the fingers pushing aside and guarding 
peritoneum and viscera (Fig C) , the thumb steadies the hand b\ 
pressmg on the iliac bone The trocar penetrates the skm by a sharp 
movement at a point just external to the anterior superior iliac spine, 
then, by a gradual deliberate mo\eraent, the abscess is entered Im 
mediately there is an exceedmgly characteristic sensation of freedom 
and lack of resistance Having entered well ivithm the ca\ity, the 
trocar is wnthdrawm, the cannula remainmg Pus often escapes imme 
diately , but this depends on the tension inside the abscess and the 
density of the fluid When it ceases to flow by its own pressure it is 
further wthdrawn by gentle aspiration WTien no more pus can be 
thus obtained, the synnge is detached, and the cannula gently cleared 
with the probe If no more pus can be withdrawn, the abscess is 
compressed again ivith the left hand, the abscess cavity gently explored 
with probe and cannula, and aspiration repeated An experienced 
surgeon can often, with this procedure, withdraw a considerable 
quantity' of pus the presence of which was hardly' suspected 

To complete the aspiration, manoeuvres suggested by experience are 
carefully attempted Thus, more pus may often be withdrawn by 
altering the direction of the cannula, or elevating or depressing its 
onfice Exploratory movements should never be attempted with the 
^inge attached, but only when the cannula is occupied by its probe 
With patience, care, and skill, an abscess cavity may m mis way be 
completely emptied unless much caseous matenal is present Tmally, 
when no more pus can be obtamed, the cannula, w ith the probe within 
It, IS gently vnthdrawTi, or it may be vntbdrawn while still aspirating 
the empty abscess cavity, thus preventing the deposition of any 
purulent material m the track of the needle 

^Vhen the cannula is removed the skin displaced towards the 
umbflicus shjjs back and the ongmal point of entry is w ell external 
and postenor to the antenor supenor iliac spme Thus a valvmJar, 
well sealed track has been made, which readily heals and prevents pus 
from escaping should it re-form The puncture is gently squeezed 
wiped with a little ether, and sealed with a small pad of gauze soaked 
in collodion 

The pnnciples adopted in aspirating a psoas abscess apply' to abscesses 
elsewhere An abscess should never be aspirated directly over the 
swelling but always at some distance away through healthy tissue, and 
the track of the needle should be, if possible valvular Tis^es which 
might possibly be mvaded by the abscess, if it refills and extends 
should always be avoided Abscesses m connection with the hip-joint 
other than acetabular or supratrochantenc, tend to track down the 
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limb , the needle should therefore be inserted above their point of 
ongin, or at any rate well to one side 

A single aspiration may- permanently empty an abscess, but this is 
unusual The causative lesion remains and, if it is active, the cycle of 
evolution of the abscess is repeated Aspiration may therefore be 
required several times Usually, however, the abscess tends to shrink, 
and less pus is removed at successive aspirations The quality of the 
discharge alters It often becomes more sanious less punilent and 
frequently more fluid This is of good omen and an indication of 
approaching cure Moreover, as the abscess diminishes m size its 
ivdls often become denser and more sclerosed eventually a dimmish 
mg fibrous mass replaces the old abscess cavity and seals off effectively 
its causal lesion, towards which it shnnks and eventually in turn 
disappears 

This desirable sequence of events though usual is not invanable 
At times, in spite of repeated aspirations the abscess continues to 
increase in size spreading ever nearer the surface involving adjacent 
tissues, and, unless care be taken eventually ulcerating through the 
skin In such cases the use of so called modifying fluids may be of 
value Of these the most generally useful and commonly employed is 
iodoform in suspension or solution the latter to be preferred I gener 
ally use two solutions one oily, the second ethenc The effect of the 
commoner modifying fluids is to produce an aseptic inflammatory 
reaction in the abscess cavity The abscess walls become engorged with 
blood , lymph and polymorphonuclear leucocytes pass into the cavity, 
even red blood corpuscles may appear if the reaction is considerable 
Caseous pus tends to become more fluid This digestion of the pus is 
due to the liberation of a proteolytic ferment analogous to tlie tryptic 
ferment of the pancreas, which has the power of digesting coagulated 
albumins and transforming them mto peptones and ammo acids The 
ferment is liberated m the destruction of the polymorphonuclear 
leucocytes which invade the abscess after the injection of modifying 
fluids It does not occur in the ordinary tuberculous abscess because 
of the absence of polyraorplionuclears m it Subsequently the abscess- 
waJls become more sclerosed and their retraction is hastened when tlie 
fluid contents are evacuated by aspiration 

The oily iodoform solution recommended is the following — 


B Iodoform 
Ether 
■Guaiacol | 

Creosote j 
Stenlized oh\e oil 


gm V 
grm X 
aa grm ij 
100 cc 


Inject from 6 to 3 0 or even 50 c c , repeating the injections if necessary 
The smaller dose should be tned first, as some indinduals show idiosyn 
crasy to iodoform This mixture is especially useful when the tissues 
round the abscess tend to become invaded, the abscess increases 
rapidly in size, and tlie pus is thick without being very caseous 

In the absence of caseous pus, but when the ca\it> rnpidl> refills 
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Mth thm fluid and the walls show no signs of becoming denser by the 
formation of fibrous tissue, injections of 5 to 10 cc of 10 per cent 
iodoform dissolved in sulphuric ether are recommended This, after 
early reaction causing increased formation of fluid, has a drjing and 
sclerosing effect The abscess-walls become denser and harder, and 
retract more quickly The ether should all be allowed to escape through 
the cannula before it is inthdrawm freshly precipitated iodoform in the 
form of a fine powder being left behind on the abscess walls 

WTienever the abscess contains caseous pus which cannot be with 
drawTi, cautious injection of a solution contaming thjTuol 1 part, 
camphor 2 parts and sulphunc ether 3 parts, m doses of 2 3 c c , may 
be employed This is much more active than the iodoform solutions, 
and may, by the irritation caused, increase the activity of the bonv 
lesion It is, however, at times exceedingly useful in liquefying caseous 
pus, which often becomes fiakj, fluid and samous If the reaction 
provoked is excessive, lotio plumbi should be apphed on lint 

Many other modif^ng fluids have been advocated, but the three 
mentioned are sufficient for the great majority of abscesses 

Tlberculous Sinuses 

Sinuses secondary to abscess formation are common complications m 
bone and jomt tuberculous lesions, and are often particular!} difficult to 
treat After efficient conservative treatment, they should rarely, if ev er, 
arise They usually occur m neglected cases m which an abscess has 
opened spontaneous!} , or after operativetreatment when pnmarj union 
has not occurred , or, more commonl} , when a healed scar has broken 
down Every endeav our, b}' vigorous aseptic technique, should be made 
to avoid their secondary infection but even with the greatest care this 
sometimes occurs Immediatel} secondary infection has taken place, 
if it is accompanied fay constitutional disturbance, autogenous vacane 
treatment should be pressed or effective chemotherapeutic drugs, 
such as Prontosil shoidd be exhibited if hamolytic streptococci are 
present Simultaneously, free diamage and fomentations are desirable 
Such measures are, however, only effective in recent cases of infection 

In chrome sinuses, sequestra should be gently removed, if accessible 
without undue laceration and consequent nsk of added infection 
Scraping of smuses is usually best avoided but free dramage should 
be ensured Alteration of posture to meet this need is often helpful 
and sometimes benefit is obtained by ambulatory treatment with 
suitable safeguards As a rule, dry are preferable to moist dressings 
In old chronic sinuses where the primary l^on is healed, injection of 
Beck s bismuth paste or Bipp the former by preference, is often 
remarkably successful 

Heliotherapy, balneotherapy {see below), and X-ray treatment, singly 
or in combination, are often of the greatest possible assistance Cases 
most suitable for X ray treatment are old thick walled smuses in thin 
subjects Dosage is important , the cross fire pnnciple should be used 
where feasible and the mouth of the sinus should be shielded after the 
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first or second direct application. Supple, non-cheloidal scars are the 
rule after this treatment. 

ADJUVANT TREATMENT 

By adjuvant treatment I mean the additional methods which may 
be used during the course of the disease and which, when properly 
selected and employed, ^vi^ assist in and accelerate the cure. Under 
certain conditions one or more alone may effect cure. Thus, Finsen 
light alone may cure a patch of lupus in a patient who is carrying on 
his normal life. In the severer forms of surgical tuberculosis, however, 
these aids to cure, even when combined, are rarely sufficient in them- 
selves. The terms “ sun cure,” or ” X-ray cure/' as applied to surgical 
tuberculosis, are therefore open to objection, and, in my opinion, should 
not be employed rvithout qualification. The best results will be secured 
by the clinician who supplements the regular, recognized, logical 
methods of general and local Veatment by the judicious use of these 
aids to cure as and when indicated, singly or in combination, throughout 
treatment or at certain periods of treatment. 

. These adjuvant methods have largely increased in relative import- 
ance, popularity and scope of application in recent years. They 
represent the most recent and perhaps the most interesting advances 
in the non-operative treatment of surgical tuberculosis. Among them 
are heliotherapy, balneotherapy, chemotherapy, vaccine treatment, and 
the therapeutic use of X-rays and other electrical agents. 

Heuotjiehapy 

Of all adjuvants to cure, sun-treatment (Fig. 7) has chiefly come 
into prominence in recerit years. The extravagant claims made for 
this method may be discounted ; nevertheless, heliotherapy, skilfully 
utilized in suitable cases, is of substantial assistance. The action of 
sunlight may be conveniently considered as (1) local or direct ; (2) 
remote or indirect. The value of sunlight has been ascribed to the 
ultra-violet rays in the solar spectrum, though these have little pene- 
trative power, and it is probable that light cff all wave-lengths is of 
vidne. Tbp xedsAod iidrii-j-fidsJbiavn the jrreatest penetrative capacity. 

' The /oca/ or direct action of sunlight is confined to superficial lesions, 
which are benefited by the bactericidal action of sunlight combined 
with the favourable inflammatory response which carefully-graduated 
exposure elicits. It is especially ^'aluable in such superficial lesions as 
lupus vulgaris, tuberculous ulcerations, pustules, and the like. 

The remote or indirect action is different. It appears to be definitely 
associated %vith the formation of pigment in the skin. At any rate, 
only in well-pigmented patients can considerable e.xposure be attempted 
and much benefit obtained. Pigment has a protecting rfile, and 
pigmented patients are able to tolerate a lengthy exposure which 
would be dangerous or fatal in its absence. Pigment in the sldn is 
the result of exposure to ultra-^olet radiation plus some property 
possessed by and peculiar to each individual. The existence of an 



60 CONSERVATIVE TREATMENT IN SURGICAL TUBERCULOSIS 

enzyme m the skin responsive to Jight may be assumed as the cause 
of pigment formation Sandy and red haired patients often possess 
little pigmenting power but absence of pigmenting power Any also 
be met m brunettes and even in the black races In cases which do 
not pigment the production of facial freckles is not uncommon 
Freckling is of no value and though skin pigmentation and freckling 
may occasionally occur m the same patient not infrequently the freckler 
IS largely deficient in pigmenting power 
^Vhether pigment formed m the skin has more than a protective 
value IS not yet defimtely established It has been suggested that 
pigment may have a transforming power translating lightwaves of 
short wavelength and httle penetrating power into long waves of 
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great penetrative power It has also been suggested that the physical 
energy of sunhght is transformed into chemical energy through the 
agency of the pigment formed in the skin Such theones are nothing 
but surmise and rest on no certain basis of fact Leonard Hill and 
others however have recently demonstrated that ultra violet radiation 
ha.s. thft ^Qvvec of tetopocaxily raising haemobactencidal pow er in the 
rabbit to a very marked degree This effect is only produced tirt the 
tissues as drawn blood directly irradiated does not exhibit it Carl 
Sonne advances the theory that the curative effect of the universal 
light bath IS due to the capacity of the lummous rays during the light 
bath to heat a very essential portion of the aggregate- blood volume 
of the organism to a temperature possibly exceeding the highest ever 
measured fever temperature without causing the body temperature to 
nse to any appreciable degree and he produces sound evidence for 
this statement Sluch of the mterest aroused m heliotherapy is the 
result of the admirable clinical work done by Eollier whose insistent 
advocacy fortified by the excellent results of his treatment hasuispired 
many to practise msolation according to the routine he has successful!} 


CONTRA-INDICATIONS TO SUN Cl 

adopted A temperate climate is the best for msolation, which can be 
perfectly well practised m England 

Stress should be laid on the psychological value of properly applied 
insolation The natural-light bath stimulates enlivens, e\hilarates 
if too prolonged, it intoxicates and exhausts It is therefore of supreme 
importance to graduate the tune of exposure Only thus utilized is 
heliotherapy beneficial The advantage of good hygiene, open air life 
and sensible sun treatment is now universally recognized, but man> 
workers still fail to appreciate the contra indtcaiions to open-air and 
sunlight Open-air stimulates metabolism Exposure to light to some 
extent resembles a shock stimulus For beneficial effects alternations 
of light and ^ade are preferable to continuous light, and darkness is, 
therefore, as essential as light There are diurnal and seasonal as u ell 
as individual variations in response to the stimulus of light It is more 
effective in the morning and in the spring and early summer than at 
other periods Prolonged and continuous exposure to light produces 
either ineffective tolerance or profound exhaustion No exact rules 
can safely be laid down for time of exposure, w hich should vary with 
the character and intensity of the light and individual pow er of response 
Experience and observation should be the guide Heliotherapy must 
be regarded as an art rather than as a science Both sun and air 
treatment demand individual response In the very ill, debilitated 
patient, the elderly, the cachectic, the non-pjgmenter, and the toxic, 
there is often a difficulty m safely obtaining that response The call 
on the patient is too severe , he is unable to effect the favourable 
reaction Such patients should be spared the effort They should be 
nursed in warmed, well ventilated wards and not exposed to sunlight 
Direct light and open air treatment wiU only lead to disaster Happily 
most sun-sensitive subjects recognize this and themselves realize that 
they are intolerant to insolation 

Of local lesions, sinuses are often favourably influenced , there is 
increased discharge which becomes more serous and less purulent, 
and eventually the sinuses may heal, leaving supple, non-chcloidal 
scars Sequestra, especially from the small bones, are sometimes 
spontaneously extruded The analgesic effect of insolation is pro- 
nounced and IS of especial value m tntcsUnal and in gentlo urinary 
iuherculosts, both of which are favourably influenced Tuberculous 
adenitis frequently reacts faxourably, particularly if the glands are 
simply inflamed and pus has not yet formed Overexposure must be 
guarded against as pus formation may ensue, though sometimes this 
may be intentionally encouraged In "closed ” honc'and-joinl tuber' 
culosts patients who respond well to heliotherapy seem to improve 
more rapidly and repair more completelj A stimulus appears to be 
applied to the cure, the pati^t is energized and exhilarated, and im- 
provement accelerated As the local Jesions improve there is }mpres5j\ e 
general improvement, and especially enhanced muscular tone 

Pigmenting power appears tol>e, to some extent a measure of resist- 
ingpower Failure to induce pigmentation is not infrequently associated 
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\\ ith latent tuberculosis or profound tuberculous toxzemia Subsequent 
development and successful treatment of a hitherto unsuspected lesion 
are frequently associated u ith acquisition of pigmenting power, which 
then synchronizes with rapid improvement Failure or success in 
dei^ eloping pigment, therefore often acquires valuable prognostic 
significance Amongst benefits ascribed to successful insolation may 
be cited increased resistance increased metabolic actmtj, and 
increased power of absorption and elimmation the discharge of toxic 
products being hastened The skin's functions are partlj in abej ance 
when it IS enveloped m clothes and this heightened cutaneous actmt} 
IS of value to the subject insolated The respiration rate is slowed, but 
amplitude is mcreased and oxjgenation improved Blood pressure is 
reduced The blood itself is modified , the red cells are more numerous 
and contain more hamoglobm and leucocjiosis is common 

Some of these changes particularly the mcreased metabolic activity, 
may be due to exposure to cold air, but exposure to air is facilitated m 
the bronzed subject dad and protected m his own pigment Leonard 
Hill and Argyll Campbell working at Alton and elsewhere, attach 
great importance to the coohng power of the air on the nude bodies 
of exposed patients, and advance sound arguments for ascnbmg 
increased metabolic activity to this factor The dmical improvement 
noted after exposure can, however, only m part be ascribed to increased 
metabolism Aerotherapy without heliotherapy is depnved of much 
of its value, and patienh unsuitable for insolation do not benefit b> 
mere exposure to the air ev en to approximately the same extent as do 
patients capable of receiving both sun and air treatment I rncline 
to the opinion that too sudden or too extreme increase of metabolic 
activ ity IS harmful that the metabobsm of the patient should be raised 
graduaJlj^ and so maintained, that there is an optimum metabolism 
which should not if possible, be exceeded and that this optimum is a 
varying one dependmg on the individual the age, and the nature of 
the lesions 

In patients suffering from surgical tuberculosis heliotherapy is 
contra mdicated for its remote effects m non pigmenters , in amyloid 
disease with any considerable pvrexia and when associated with 
certain complications either pulmonary or non tuberculous 

Technique of general sun-treatment — Patients should be acch 
matized before in^iolation commences exposure should be gradual 
and progressive excessive reactions should be av oided . the patient 
should never be too hot nor too cold and the head should always be 
protected by a canopy or sun hat The amount of exposure patients 
can tolerate vanes within wide limits After the sun bath the patient 
should feel exhilarated and msolation should never proceed to the 
degree of causing either bhstenng of the skin or exhaustion Tlie 1<^ 
below the knees should first be exposed for short periods eg five 
minutes hourly, the length of exposure and the amount of surface 
exposed being mcreased slowly each day if climatic conditions permit. 
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unta total exposure is possible Under favourable conditions there 
should be at least a fortnight of progressive increase of surface before 
complete exposure Insolation of red haired, freckled, thin skinned or 
elderly patients must be attempted with extreme caution 

General pigmentation should be aimed at and should be maintained 
^ and intensified as conditions permit Under conditions favourable for 
'insolation, successful results wiU largely depend on skilful and pro- 
gressive exposure The aim is invigorating reaction accompanied by 
a sense of well being, and acquired without effort or concentration 
It wiU then accelerate and consolidate the cure reduce the length of 
treatment required, greatly improve the patient s general health, 
increase his power of resistance and directly benefit the majority of 
local tuberculous lesions 

In tropical regions insolation should be most carefully administered 
as other problems there present themselves associated with excessive 
heat and quality of sunlight Artificnl light and avoidance of direct 
sunlight IS often to be preferred abroad 

Artificial Light Treatment 

This 15 being increasingly used especially m localities deficient m 
natural sunlight and in the winter months No modem hospital 
designed for the special treatment of sui^jcaJ tuberculosis can be con- 
sidered satisfactorily equipped unless provided with a well planned 
and organized artificial light department, where both local and general 
treatment is undertaken The former is pnncipall> concerned with 
the treatment of superficial cutaneous lesions such as lupus vulgans, 
or of sinuses secondary to deeper lesions For lupus vulgans, the T insen 
lamp, or one of its modifications the Finsen Reyn or Fmsen-Lomholt 
lamp is especially indicated These lamps are complicated and their 
use requires special training but they give results immeasurably 
supenor to those of other lamps in this particular condition The 
general light-bath should be employed concurrently 

The Kromayer a water-cooled mercury-vapour Kmp with suitable 
quartz applicators may also be employed for lupus vulgaris but it is 
not so effective as the Tinsen lamps Tungsten arc or Kromayer 
lamps are of great value for the treatment of sinuses or patches of 
scrofuloderma 

Tor general treatment, carbon arc lamps either the short flamed 
vanety as used at the Tinsen Institute, or the long flamed arcs, w ith 
or without cored or impregnated carbons, as more commonly used m 
England, are of value Exposures should usually be given on alternate 
days, the time varying with the type of hmp used and the individual 
reaction Lamps which emit much ultra violet radiation are not more 
effective but hav^e the advantage of sliorter exposure time Wiere 
time IS not of extreme importance as in the treatment of cluldren in 
institutions, the short flamed, more slowly-acting Fmsen arcs are to be 
preferred , the pigmentation they produce is very’ like that of natural 
sunlight \\’here time is important pow erful, long flamed arc lamps arc 
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more convenient Air cooled mercury \'apour lamps in quartz containers 
are simple but are not so useful m the treatment of surgical tuberculosis 

General light treatment, either natural or artificial, may be regarded 
as a tonic and shock treatment Contmuous exhibition of such treat- 
ment IS, therefore, both unnecessary and inadvisable, and the best 
results are obtained by discontinuing treatment u hen optimum benefits 
ha\ebeen obtained Thepenodsof treatment will show wide variations' 
uith different indmduals and no accurate rules can be laid doum 

Balkeotherapy 

Among natural aids to cure, suitably managed sea-bathing takes a 
high place It mtensifies and supplements heliotherapy and aero- 
therapy, \\ ith w hich, in the open sea and on a sunny coast, it is naturally 
associated Properly timed sea-bathing, followed by brisk touelUng, 
a hot dnnk to stimulate reaction, and a short sun-bath mduces, in 
suitably selected subjects, a sense of exhilaration and well being which 
nothmg eLe can effect It immensely increases the efficacy of the 
simple sun-bath Moreover, the actinic value of sunlight is greatly 
enhanced by the sea which reflects the ultra v lolet and luminous raj s 
but absorbs the red and mfra reds Sea batlnng rapidlj increases 
metabolism , accordmg to Leonard Hill, the metabolic activity of a 
sw immer may be ten times as great as the normal, or more Immersion 
alone, or ev en paddling, results m a rapid increase of metabolism The 
increase may be graduated w ith mcety according to the needs of the 
patient by sprajnng, paddling, or complete immersion, short or lengthy, 
as indicated m mdividual cases Immersion should never be so pro- 
longed that rapid and healthy reaction is not induced Immersion is 
associated with deep gaspmg respiration which effectually expands the 
lungs, improves oxjgenation of the tissues, assists in the expulsion 
of w aste products, and promotes diuresis The circulation is profoundly 
modified The first chilling effect causes contraction of the superficial 
vessels, followed bj' their dilatation when reaction occurs All parts 
of the body are in phases flushed by mcrcased passage of blood and 
lymph, oxjgenatJon is increased, accompanied by greater tissue 
change and heat production, and these effects are apparent m diseased 
as vveff as heafffij tissues wifii obvious ffierapeufic benefit 

Sinuses secrete more, the discharge bemg less purulent and more 
serous, and the mechanical and bactencidal value of this increased 
secretion is speedily visible This is followed in many cases by rapid 
healmg of chronic smuses Caution is, how ever, v ery necessary This 
method of treatment is rarely suitable m the very joung, old, or veiy 
weakly It is contra mdicated in many comphcating conditions, eg 
diseases of the heart and kidneys It is unsuitable also m amjloid 
disease It should be gradually and progressively employed m tho»e 
cases denving benefit, indivudual idiosyncrasy being carefu ly obse^ed 

The best state of the tide for complete immersion is usually about 
one hour before high water , the best time, the sunny forenoon about 
one hour before the middaj meal , the combined absolute optimum 
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IS not always, of course, obtainable After a successful course of thera- 
peutic sea-bathing, combined ^^lth intensive insolation in subjects 
trained to undergo this form of treatment, the impro%ement in the 
general condition, physique and local lesions is so marked as to be 
almost incredible 

X-RA\ Treatment 

X-ray therapy is of value m the treatment of certain local tuber 
culous lesions and, synchronously uith their amelioration general 
improvement is often observed and maintained Its value is due to 
the local reaction, and its success necessarily depends on the skill of 
the operator in obtaining 3ust the local reaction desired It is desirable 
to work on definite lines and uith limited dosage The technique 
advised by Isehn is the best I know The value and applicability of 
X-rays vary in different regions of the body the greatest care should 
be exercised in treating the extremities and the neighbourhood of the 
growing points of bones Obviously, radiotherapy is contra indicated 
in tuberculous disease of the genital oigans on account of the risk of 
stenhty It is useful in certain cases of sinus-formation, particularly 
in old sinuses with thick fibrous walls It is commended by many m 
the treatment of lupus vulgaris, but other and more effective methods 
may be employed for this distressing condition It is especially valuable 
m tuberculous adenitis, particularly when there is much periglandular 
infiltration, and is a useful treatment preliminary either to extirpation 
or aspiration It may often be usefully employed in tuberculous disease 
of the neck, elbow, or knee joint In tuberculosis of the hands and 
feet, great care is desirable in its application as X-ray burns or other 
unfortunate sequelie more readily arise m the extremities, but with 
limited dosage and adequately filtered exposure it is often attended 
with considerable success It is sometimes helpful m assisting the 
hqu#>faction of thick or caseous pus in abscesses 

MECHANICAL TREATMENT 

Recumbency is generally essential for severe and acute lesions, but, 
in addition, apparatus for immobilization is often indispensable 
Plaster of Pans and celluloid may be considered here 

Plaster of Pans — It would be feasible to treat almost every case of 
extensive bone and joint tuberculosis by plaster of Pans splints alone In 
certain exses deformity may be corrected, and in almost all cases prevented 
Nevertheless, such an extreme use, though valuable, is not advocated 
It IS unfortunate that the v alue of plaster of Pans is so ill recognized in 
this country and the technique of its employment so il! understood It 
affords a ready means always available for the surgeon to be his ovvn 
efficient splint maker, but for plaster of Pans to be really satisfactory, 
skill in its application must be acquired and suitable plaster bandages 
used, which must be neatly applied properly reinforced to combine strength 
wath lightness, and pro/?er!y nimU^d The moulding is perhaps the most 
glanng defect in the plasters usually seen To immobilize a joint satis- 
factorily the plaster should not only be effectively moulded, but also should 
4 
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extend a sufficient distance abo\e and below the joint Thus for a knee 
joint It :s not sufficient to appfy the apparatus half way up the thigh or 
h^f way down the calf the mmunum ^aent extent is from the ankle to 
the hip joint and m \ ery acute disease both ankle and hip-joint should be 
incorporated 

Plaster of Paris is especially valuable after the most acute stage of the 
disease is passed when muscular spasm is abating and when healing and 
consolidation are commencing and will be hastened by continued iraraobiliza 
tion It may be used while the disease is \efy acute but other methods of 
fixation are then as a rule to be preferred 

The plaster bandage — Specially prepared miislm stiffened by dextnn 
glue or starch though commonly used is quite unnecessary and indeed 
not so sei^nceable as ordmary book muslm of about 32 strands to the inch 
This should be tom in strips of suitable \vidtli and length and the edges 
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frajed to avoid the annoj'ance of stnps of cotton catching the fingers during 
application The bandage should be loosely rolled in a large shallow bow 1 
containing fresh warmed dry superfine plaster of Pans m sudi a waj 
that enough plaster is incorporated ^\ltb a little practice excellent 
bandages can be quickly manufactured without the labour of rubbuig in 
the plaster 

For a splmt the bandage should be soaked m cold water as the resultmg 
set IS firmer for a cast warm water is better as the set is more rapid 
Setting may be hastened or delayed bj the addition of accelerators such as 
common salt or retarders such as dextnn but they are rarelj required 
and their use is not advocated A closelj fitting vest turned mside out 
should be applied to the trunk or limb to be plastered The looselj rolled 
plaster bandage is put gently sidewaj^ into a full bowl of water to ensure 
rapid and thorough contact of water and plaster To remove the bandage 
from the bowl each end is grasped bj a Iiand and the bandage squeezed 
tightly as It IS lifted out to get nd of sirpJus water without disturbing 

the plaster ... . , ^ 

Bandages should not be wound straight round a limb or trunk but 
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itpiiards or downwards, to avoid undue constnction A reverse should 
never be made m a plaster bandage, for the same reason A plea't in tlie 
bandage should be made whenever the direction of application is altered, 
and also to allow room for expansion of the sub- 
jacent trunk or hmb before the set (Tig 8 ) 

All bony joints should be most carefully pro 
tcctecl and the plaster moulded over them e g 
m a spinal jacket, the whole of the peKic bnm 
around the clavicles, scapulas and each side of 
the spine over the transverse processes Ample 
windows should be cut out m a jacket over 
the ventral surface of the body, to allow room 
for^respiration and digestion , m the region 
of affected joints, to permit observation The 
edges of the apparatus should be tnmmed the 
subjacent vest turned over the plaster and 
stuck down by plaster cream (6 i>arts plaster 8 
parts water) When dry the apparatus should 
be polished with plaster cream , this improves 
its apjjearance and lengthens its life When 
necessary, the apparatus may be reinforced b> 

. stnpsofplasterbandagc which may be moulded 
into the form of a thm rod adhering to, and 
incorporated with, subjacent plaster and follow- 
ing accurately Us contours Toreign substances, 
strips of tin, wood, etc , should not be used for 
reinforcing as they tend to work loose Where 
extensive windows have to be cut, eg over 
large sinuses, the plaster apparatus may be 
strengthened, if desired, by bridges of plaster 
bandage as in reinforcing work 
Before a plaster jacket is applied to a suspended 
j5atient, he should hive gradually been tilted fo 
an erect position on a spinal board until he can 
assume and maintain the erect attitude without 
discomfort. Care should be taken to prevent the 
formationof sores under the plaster, by preparing 
the skm before application and by avoiding un- 
duo pressure ovr sny sur/soe mih hewe jmjnedj- 
ately subjacent A plaster-sore which is forming 
can usually be detected before the skin is broken, 

IS it IS heralded by an unpleasant smell These 
sores are usually painless, and patients may be 
unaware of them strengthened with duralumin 

A good plaster apparatus sliould be light for combined spmal canes 
strong, and n ell moulded “■> telrreoloa’ >>'P I”™' 

Celluloid.— Celluloid splints are non desen edly ‘-J” 
popular, and are especially indicated during con- 
valescence m bone and joint tuberculosis They are light, elegant, clean, 
hjgienic, and readily removable WTien well made they afford admirable 
support and protection Combined with blued or nickeUed steel or 
duralumin, they muy be used in an infinite variety of wajrs and for 
almost all conditions A cast of the region to be splinted is taken , from 
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It a positi\e u made on uluch non inflammable celluloid solution 
painted on to successue lajcrs of butter muslm, until tlie requkilt tliick- 
ne«:s IS obtained The splint is then removed from the cast, tried on the 
patient unnecessary parts are cut away, and the edges bound \nth 
leather HoIk are punched in the splint for ventilation evTlcts inserted 
for lacing and the splmt, if necessary is reinforced vnth dunfumin, or other 
appropnate metal (Tig 


Local Orthop^djc Treatsient of Indi^dual Lesions 
It IS impossible adequatelj to discuss here methods of correction or 
prevention of deformitj Nevertheless skilled local orthop.xdjc treat- 



Fig 10 — SptntI board and jacket for tpmal canes 


ment, vvnthm the limits presenbed bv the fact that the patient is tuber- 
culous, IS indispensable to good final results During the period when 
considerable local lesions arc acute, rest is cmmcntlv desirable, and that 
IS best effected b\ recumbenev combined with immobilization Simul- 
taneouslv , means must be taken to prevent or correct deformitj The 
methodj adopted to secure this end v an « idel) , but the principles are 
essential!} similar 

Spinal caries.— In acute disease, rccumbtncv, combined with 
immobihntion of the spine, and h} pcre\tcnsion if there is no or onl} 
slight, deformitv , IS usu^Iv effective Tliisma} bcmosteasil} olitaincd 
by the use of the Berck spinal board and jacket (Fig 10), which com- 
bines m a simple form the esscntiaL for treatment in all forms of aaite 
spinal canes 

Some surgeons are content with immobilization in a double Tliomas 
hip-sphnt or on a Fhelpsbox Tlic Bradford frame, popular in America. 
IS preferable to either Immobilization on a plaster of-Pans \ ed 
(Lorenz) has advocates and is efficient In certain cases sjieciallv 
designed apparatus is desirable Tims, m acute cervacaJ canes, lixalion 
of the head is indispensable , for these cases a plaster bed or box splint, 
to immobilize the head and neck, is much to be preferred to the sand- 
bags commonl} emploved, which are too easilv displaced (Fig 11.) 

\Vith marked psoas spasm but not much defonmtv, the "wheel- 
barrow splmt, with Its removable back door, is efiicicnt. It secures 

• Foil of rronuiKfur* U fee joend b lS» Crw Jon* 7 IS*3 



• SPLINTS FOR SPINAL CARIES TO 

good h)pere\tension ■iimntt ineouslj fiLes the legs and it the same 
time permits readj inspection of the hick (1 ig 12 ) 

With moderate degrees of deformity without mucli spasm the 


f--' 



Fi;( II —Head Rxatton and extension m cervical caries 
Tfi(« r<jrn of fro (iXKr p (]| cite n nothni <ip, II 1> iucrcauf 
Iho j<3 nt » etxnlorl an I avo 1> JrylMhe/w 


bacX door sphnt is o/ > iJuc intJ osswts >n the correction 
of dcfonmty (Fig 13) 

GencriUy speaking liowcvcr tin Bcrck board with a ]ean jacket 
for fixing tlie tninl is the simplest and at tlic same time a verj 
effective appliance 



Fg 12 — Wh"elbarrow type of backdoor $pt nt for 
acute spnal carles with psoasabscesi or psoas spasm 


In Spinal cancs with extreme dcformitj attempt at correction maj 
be cautiouslv made bj the authors Marconi apparatus Tsscntnll), 
its object IS to straigfitcn out os far as possible compensator) curves 
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abo\ c and below the lesion, and to expose the defomutv to graduated 
and gradual tension with subjacent pre^ure Great care must be 
taken to avoid dissemination of the disease or pressure on the cord 
causing paresis but m suitably selected cases with careful nursing 
remarkable correction of severe deformity is possible 
When there is inflammatory paraplegia, not due to mechanical 
pressure recumbency and immobilization associated with head and 
leg extension are usually edectue 

When an abscess IS pressing on the cord lammectomi or costotrans 
\ ersectomy may have to be considered after a fair trial of recumbenev 
Cah e has suggested an ingenious method of aspirating such an abscess 
through the intervertebral canal but it presents considi rable difiicuUits 
and is as yet of uncertain value 

Of recent \ears much attention has been directed to bone-grafting 



Fig X3 — “ Back-door splint in spinal cann, with door remored 


of the affected spine by the method of Albee, or one of its modifica- 
tions In young children in acute cases this is associated with danger 
and IS not here advocated In adults it is less dangerous, but in my 
opinion IS not justified m acute cases when skilled consenatiie treat- 
ment IS available The period of recumbency is alleged to be materially 
shortened by tins procedure, but there arc objections which I believe 
more than balance the advantages, except in a few specially selected 
cases Its general adoption should be condemned while the disease jn 
active 

Recumbency should, where possible, be enforced until spinal ngidity 
has disappeared and as much deformity as possible corrected In cases 
treated earh httlc or no deformiti should occur ^\’hcn rccumbenci 
is abandoned, immobilization as perfect as possible should be continued 
until the spinal lesion has well consolidated and all e\ idence of activ itv , 
both clinical and radiographic, has disappeared Tlie mmimum period 
after the onset of the disease, in favourable circumstances for immo- 
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TUBERCULOUS HIP 


bilizatjon, should be about two j ears, an^ m cases treated inefficient!}’ 
at the onset, or in which satisfactory progress has not been made, this 
ma} have to be extended 

\Vhen recumbency is first abandoned, a well-moulded plaster-of-Pans 
jacket (Fig 14) is the best method of fixmg the spine It is replaced 
later b} a removable appliance, when in most cases the needs of the 


patient are best met by a well made cellu- 
loid jacket, and last of all by a Tajlor’s 
brace, modified, if necessary, for the needs 
of the individual 

In cervical canes a poroplastic collar, or 
one of celluloid or leather, is somettn\es 
employed, but is not so efficient as a jacket 
of similar material taking purchase from 
the pelvis and extendmg to chin and 
occiout, or. in the case of a ji?oun^ subject, 
with a juiy mast incorporated 

Correction of deformit> in a plaster 
jacket, as recommended by Calot, is not 
advocated, and deformity in a tuberculous 
spine should never be forcibly corrected 
The mechanical treatment of spinal caries 
affords numerous opportunities for the cin- 
ployment of various orthopedic measures 
specially applicable to individual cases, 
and often requiring modifications at djf. 
ferent periods m the course of the disease 

Hip-joint. — ^Tuberculous disease of ii\t 
hip-jomt, when acute, should be treated by 
recumbency combined nith extension The 
following rules should govern the dircctu^n 
on which the leg is extended 

If there is lordosis (1) the femur on the 
affected side should be further flexed untfl 
the spine is flat upon the bed (2) the tuo 
antenor supenor iliac spines should be oji 
the same horizontal plane , (S) the straight 
line joining these spines should be at right 
angles to the long axis of the trunk 
Suitable extension applied to the femijr 



Fig 14 — Mmerra plsster-of- 
Pens jacket in cervical canes 


0 X 1 the affected side in the position it no\^ occupies mil be elective, 
proMded the joint is not fixed by bon> unkjlosis In addition, the 
patient should be nursed on a fracture-hed and the trunk fixed to 
the healthy side, either b} a jacket or by a Liston long splint The 
flexed leg must be supported on a suitable plane or on pillovs 
Vanous matenals miy be used for the extension Commonly, 
adhesive strapping is applied to the antf attached to a stirrup belou 
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the foot, from which the extension proceeds to a suitably fixed pulley 
Celluloid solution or Sinclair’s paste makes an efficient adhesive to 
a strong calico bandage, instead of strapping Webbing carefolU 
bandaged on the leg ivithout adhesive is quite efficient if skilfuilj 
applied In place of the stirrup it is better to use a footpiece, uhich 
has the advantage of preventing foot-drop and heel sores, and of 
counteracting anj tendency to inv ersion or eversion of the leg (Fig 15) 
When hehotherapy is bemg simultaneously employed the condylar 
clamp extension, in use at Alton is advocated This has the adv antages 
of extreme simpUcity, of ensuring direct traction on the femur, and of 
avoidmg mjury to the knee jomt, besides preventmg foot-drop It 



Fig; 15 —Extension applied in tuberculous hip joint with flexion adduction and inversion 
PUsm strapping is not iu«d in lb s (onn oi rxtnown. and tb« foolpirce is dcagoed to pmnit (oot-drep 

IS easy to apply, comfortable and economical but its use should 
not be excessiv ely prolonged (Fig 16) 

Extension is as a rule advised not only until all deformity has been 
corrected but until all signs of active disease have disappeared The 
TCiCist. \ clwivcai *34 oissab/sa aC acLw e. disease, vs. afforded 

by absence of muscular spasm m the abdominal muscles on slight, shaqj 
rotation of the femur, a sign w hich obviouslj should not be sought until 
the grosser signs of active disease have disappeared Ambulatory treat- 
ment may then be started with confidence, the patient's affected hip 
being fixed either by a short well moulded plaster spica, or by a cellu 
loid hip splmt, with crutches and patten on the sound leg AVhen a 
patten is objected to ametaIextendiiigainbulatoryhip-splmt(rig 17) 
may be substituted 

A smgle Thomas hip splmt is not effective in the treatment of tuber- 
culous disease of the hip joint, and is not recommended 

In cachectic or other cases m which early ambulatory treatment is 
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OPERATIQNJ* ON THE HIP JOINT 

indicated, it may be pennitted as soon as deformity is corrected, a 
plaster spica being then, as a rule, the best means of immobdization, 
as a plaster is the most promismg appliance for preventing return of 
deformity Great care must be taken m the moulding of the spica, 
and particularly in covermg the buttock ueU on the affected side, as 
othenvise considerable deformity may occur Crutches and patten 
are essential Alternatively, a traction hip-sphnt may be useful 
Ankylosis often follows, but the hip is fixed in the position selected 
Where possible, however, a healed movable hip is preferable to one 
fixed by fibrous ankjlosis In the latter case extra-articular bony 
arthrodesis is indicated 



Fig 1$ — CondjrUr ct&mp extension for tuberculous hip joint and other conditions, 
especially indicated during heliotherapy 

Xot< foetp <ce prerMed «(U] roHen to ptrvcnl pbnlit fttx on of foot and reduce friction dunne eslnufon. 


Where smus-formation has been prevented, operative interference in 
tuberculous disease of the hip joint is rarely if ever, required, save in 
those cases in which, owing to inefficient initial treatment, bony 
ankylosis m an unfavourable position lias occurred Then sub- or 
trans trochanteric or bifurcation osteotomy should be performed, and 
tenotomy of the adductors may also be necessary After the operation 
the leg IS fixed on an abduction frame, or in a Jong plaster spica extend- 
ing from the toes to above tlie iliac crests until firm bony union has 
been established In cases terminating m imperfect fibrous ankylosis, 
w ith persisting tendency to adduction deformit> , arthrodesis is often 
of the greatest value 

It may be of interest to mention here certain types of cases of non- 
pulmonarj tuberculosis, particularly of hip disease, in vshicli, although 
after suitable treatment the local lesion becomes quiescent, the patient 
remains persistently cachectic This persistent cachexia should be 
regarded seriously ft is commonly an indication of latent, sometimes 
generalized, tuberculosis vvhicli almost invariably manifests itself later 
— verj much later perhaps — by recurrence in the old lesion or rccrudes- 
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f "■ P^**^™*® should be watched for a long 

«™med Of .r T ™ ‘*®PP“'^- They should bf 

warned of the probabihty of a recurrence, and means tahen where 
possible, to ensure that they In-e under healthy hygienic conditions 



Fig. 17. — Mct^ splint (or tuberculous tup-joint. 


JB^nee-joint — In children, in the early and acute stages, plaster 
fixation is ad\Tsed, the plaster extending from the toes to tlie groin, 
and an observ'ation window' or windoirs should be cut in the region of 
the joint to ensure that no abscess develops unperceived. 

Deformity, if extreme, consists not only in flexion at the joint, but 
also in subluxation of the tibia, with eversion. If recent, this may be 
corrected by appropriate extension (Fig. 18) ; if e.xtreme, tenotomy of 
the biceps femoris is often necessary, combined wnth gentle and repeated 
correction tmder anesthesia, and plaster fixation after each manipula- 
tion. Manipulation must be ver5' gentle, and forcible correction 
should always be avoided. 



TUBERCULOUS GLANDS 
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Plaster fixations are continued until muscular spasm has disappeared 
and the X-rays definite evidence of recalcification Then the 
child should have a celluloid Lnee splint uith cnitches and patten or 
a Thomas calliper knee splmt uhidi just raises tlie heel of the foot 
off the boot, and the heel of the boot on the sound leg must be appro 
priately raised J 

In adults, tuberculous disease of the knee joint is often exceedingly 
chronic In such cases early excision is generally bet ter than prolonged 
conservative treatment 

Other tuberculous bone and jomt lesions hardly merit further con- 



sideration here the general principles already laid doun arc applicable 
in their treatment A rare but senous condition is tuberculous disease 
of the flat bones of the skull Here the diploe frequently becomes 
involved^ and general dissemination follows with correspondingly bad 
prognosis 

TUBERCULOUS ADENITIS 

The broad principles of treatment which I have outlined apply 
equally m tuberculous glandular conditions There has been mucli 
recent controversy about the treatment of tuberculous glands of the 
neck and that may be to some extent explained by the varying 
facihties for treatment available to vanous practitioners In some 
cases a purely conservative approach is obviously sufficient, in others 
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radical treatment is eqtiaUy obtionsly caUed lor I here bneflv outline 
my usual procedure First seek the probable source ol infection e g 
infected tonsils or teeth and eradicate it Jvext apply the rules laid 
douTi for all tuberculous lesions— general and local rest under favourable 
hygienic conditions Local rest is frequently omitted in cervical 
glandular lesions but is just as efficient and e\en more simplj applied 
than It IS m tuberculous joints I use a simple metal splint whicli I 
call a carapace because it uas e\oKed from a much more cumbrous 
plaster apphance 

It consists of a light sheet iron band about 2 inches mde which fits 
neatly to the back belou the scapulx and extends from each mid 
axillary space This is padded with chamois and strapped b} webbing 
to the front of the chest From this base a light duralumin bar shaped 
to the back and neck extends to the occiput From here a band of 
sheet iron gnps the occiput and extends to the fronto-panetal suture 
comfortably abo\e the ears and strapped across the forehead The 
whole splint is covered with chamois It is light comfortable and 
efficient All movements of the head are prevented and the affected 
glands kept at rest 

In early glandular cases with good resistance as recorded bj the 
blood sedimentation rate these simple measures vnU often suffice and 
the glands wnll be absorbed and disappear vntbout further treatment 

\\^ere one or tw o glands contain pus these may be simply ev acuated 
by the insertion of a silk seton This is more effectiv e and less painful 
than repeated aspiration and affords a ready means of discharge of 
the pus Moreover the presence of the seton m the gland promotes 
the liquefaction of its contents and in most cases wnthm a fortmght 
or three weeks onl> a harmless fibrous gland capsule remains which 
while protecting the surrounding tissues from further infiltration will 
m course of time <ihnvel up and disappear 

MTiere there is much periadenitis an imtial short course of X rav 
treatment on the cross fire plan is often of great v alue for the glands 
become more discrete and easier to deal with MTien patients arrive 
with pus contammg glands adherent to reddened skin it is useful to 
insert a small shaip-pointed tenotome into the most dependent part 
and express the pus This may be repeated as and vshen required 
Sun treatment may be used advantageously in suitable cases bearing 
m mind that excessive light treatment may encourage pu» formation in 
the glands This, fact I utilize to adv antage m certain cases Indolent 
glands may often be benefiaally influenced and rapidly drained 

Hard or caseous glands which do not respond to conservative treat 
ment should be completely excised Preliminary conservative treat 
ment is alwa>s helpful and the subsequent excision facilitated 

Glands which have broken down and formed smuses are usuallv 
secondarily infected The discharge wiU be increased and healing 
hastened by combined local and general ultra violet light treatment 
sometimes combined with therapeutic seabathing Some septic 
tuberculous gland smuses wifl not heal because of the presence of 
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infected calcified material acting like a sequestrum This should be 
removed by operation 

Tuberculous adenitis is one of the most satisfactory tuberculous 
conditions to treat, provided the vanous methods of treatment ivhich 
may be adopted are thoroughly understood and mtelligently applied 


ABDOMINAL TUBERCULOSIS 

Tubercubus abdominal lesions glandular pentomtic or ulcerative, 
more commonly come for treatment than they used to , this is all to 
the good and may be attnbuted to earlier diagnosis Their more 
speedy diagnosis and successful treatment has, in my opinion, done 
much to prevent dangerous dissemination It is sometimes forgotten 
that they are frequent sequelas of pulmonary tuberculosis, and their 
possible, and m many cases probable, incidence should not be over- 
looked in any case of lung infection 

\^'h€n primary, they are often of bovine ongm In addition to the 
usual treatment on well recognized pnnciples certain special measures 
should be advocated Full blood examination wth differential count 
and blood sedimentation tests are ofthe greatest value Pieces should 
be examined for occult blood and tubercle bacilli and for signs of 
intestinal ulceration as divulged by the Tnboulet test The value 
of this test IS disputed , it certainly is not patliognomoiuc of tubercle 
infection, but when positive m a tuberculous subject its significance 
should be appreciated A fibre free diet should always be prescribed 
Pam, which is mostly colicky, is relieved by local heat and pressure 
apphed by a firm many-tailed bandage 

The most dangerous complications are obstruction (generally due to 
adhesions), intussusception and perforation These often need surgical 
treatment It is amazing to see how \ery advanced inflammation 
revealed on laparotomy will, m the course of a few weeks or months, 
completely subside after appropriate treatment Pam is often rehev ed 
by a combination of radiant heat and ultra violet light Caution 
should be exercised in employing the latter •.vhen pulmonary tuber- 
culosis IS also present and the pulmonary area should not be exposed 
Tlie discovery of short-wave rays offers possibilities of further relief in 
selected cases 

A discussion of the conservative treatment of surgical tuberculosis 
w ould be incomplete w ithout reference to the collaboration of a skilled 
pathologist Full blood and differential white counts, haimoglobin 
estimation and sedimentation rates are of value both in the conduct of 
treatment and as aids to diagnosis Estimation of the calcium and 
phosphorus content of the blood is often helpful Bacteriological, 
hsmatological and chemical exammation of the stools is of further 
help, and it goes without sajing that pus in abscesses and discharge 
from smuses should be bactenoli^ically examined 
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PROGNOSIS IN SURGICAL TUBERCULOSIS TREATED 
BY CONSERVATIVE MEASURES 

In estimating the value of conservative measures it is desirable to 
give accurate figures of the results of treatment Most records from 
foreign sources refer to pnvate patients who may enter or leave an 
institution at will I am therefore, confining my records to those 
patients who were admitted to the Treloar Cripples' Hospital, Alton 
who, unless removed b> parents or transferred for some special reason, 
have completed treatment, and I shall not refer to patients treated by 
me pnv'ately or in other institutions Appended is the record of 
patients admitted for non pulmonary tuberculosis from the opening of 
Treloars in September, 1908, to March, 1938, i e , a penod of nearly 
thirty yeare 
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Of the vanous surgical tuberculous lesions, undoubtedly the most 
dangerous is tuberculous disease of the spine and the y^aunger the 
patient the higher, as a rule the mortahty 

I here extract from a contnbution to the Lancet* certain facts regard- 
ing mortahty and prognosis in cases of spinal canes m children treated 
conserv ativ ely 

Mortahty is highest in the age penod 1 to 5 , the commonest cause of 
death then is menmgitis and general tuberculous dissemination. As age 
mcreases the danger of menmgitis diminishes, but deaths from sepsis 
increase Other causes may be almost disregarded as they are mcidents 
ansmg in any child s life though such madents are naturally more senous 
m a child already mfected with tuberculous disease Thb comparatively 
low mortality in children— many of whom amve for treatment with 
advanced disease, often complicated by abscess or smus formation and 
sometimes by paraplegia— may be ascribed to the rigid conservatism 
practised under exceptionally good dimatic and hygienic conditions 

*»»cb7 I93S I SIP 
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RESULTS AT TRELOAR S 
Spxke 

Total number of cases admitted during the 

CaSs discharged to Marc^ 31 1335 
Deaths to March 31 1935 
A\erage stay m hospital of fatal cases 

Causes of Death 

Miliary tuberculosis and meningitis 

Sepsis and amyloid disease 

Other causes 

Diphthena 

lilorbus cordis 

Nephritis 

Ketosis 

Tuberculous carditis 
Postoperative shock (lammectomy) 
Pneumonia 
Broncho pneumonia 
Influenzal pneumonia 
Intestinal obstruction 
Hsemorrhagic measles 
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61 (3 8 per cent ) 
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32 (2 02 per cent) 
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13 (0 82 per cent ) 
1 
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1 
1 
1 
1 
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Paraplegia from true tuberculous pach 5 Tuemngitis is a late manifes- 
tation , Its onset IS insidious, it tends to progress rather than resoI\ e 
and the prognosis is bad Of 26 such cases mduded in the total of 
134, 12 recovered, 11 were unimproved, 2 were removed and 1 died 


Association with other Tuberculous Lesiovs 


Occasionally, though rarely, patients fail to respond to any form of 
treatment and develop other lesions For these, prospects of recov ery 
are poor, though at times from some reason, possibly a suddenly 
acquired immumty, the progress of the disease is checked and recoveiy 
follows 

In children, multiple lesions associated with spinal canes lengthen 
the penod of treatment required but do not usually jeopardize the cure 
Assoaated puhnonaiy tuberculosis is a senous but not unconquerable 
comphcation, and I have known adults who, as a result of acquiring 
spinal canes after pulmonary tuberculosis, have recov ered complete!}’ 
from both, largely owmg to the enforced rest vshich the spinal lesion 
necessitated 


F« deUiU ot de«en of tasUtutiow «uUMe lot Um Ke»tm«nl of non polmoiw ttUrroloUs the 
tefentd to Oie aoUioc'i Onum to Um Sodetrol lindoti. iia<l« tbe title iTauimj a flmpui waita 

appeal to the SocMtr'a Tnasaeuatu IKS tS.'ta.U.Sa. 



CHAPTER rri 

GENEEAL ORTHOPEDICS 

By the late R C. ELMSUE, O.B.E. 
INTRODUCTION 

The chief object of orthopedic surgery is the restoration of function 
m a part that is disabled by raaldevelopment, injury or disease 
Improvement in shape or appearance may be desirable for esthetic 
reasons, but in every case the effect of operative or other methods of 
treatment upon physical function should be studied Moreover, it 
IS necessary to remember the future as well as the immediate result 
For example, operative or mam^ulatne procedures upon a joint may 
result in improved function for a few years, but experience may show 
that they are unjustifiable because they lead later to the degenerative 
changes of osteo arthritis Arthrodesis and tendon fixation carried 
out upon young children improve function but may interfere \Mth 
growth, or growth may result m an alteration of strains which tends 
to produce a fresh deformity 

In an actual deformity there may be a contracture of skin, muscle, 
tendon or ligament holding one or more joints in a fixed position or 
restricting their full range of movement, a joint may be dislocated or 
a bone malformed or crooked, or there may be an actual loss of part 
of a limb as the result of congenital maldei'elopment or of injury or 
disease But in other cases the condition which requires treatment is 
a loss of function rather than of shape Such are many paralytic 
conditions (anterior poliomyelitis, spastic paralysis and penpheral 
nerve mjury) and injuries of muscles tendons and ligaments 

In the first of these groups the correction of shape must be sub- 
ordinated to the improvement or maintenance of function The 
simplest and most direct surgical method may not be the best Tor 
example, m congenital club foot, the dnpe of the foot can be corrected 
by a gross surgical operation, the removal of a part of the tarsal bones, 
but this interferes with the action of all the tarsal joints and leaves a 
foot which looks a good shape but is really only about as useful for 
walking purposes as a stump Scamng of the skin often interferes 
with mobility or even causes deformity If this possibility is realized 
in advance much may be done to prevent it The part may be 
splinted during healing to prevent contracture, the skm around ma> 
be kept supple by massage, and in suitable cases a granulating area 
may be excised, the skin undercut and mobilized, and a secondary 
81 



GENERAL ORTHOPEDICS 


suture carried out In grafting skm the effect upon function should 
be remembered Areas co\ered by Tlnersch or Wolff grafts usually 
sho\v adherent scars If the graft has to cov cr exposed tendons these 
grafts uiU not gne satisfactorj results and a pedicle graft will be 
required The same may be true when muscle is exposed or when 
the scar is left adherent to the capsule of a joint 
Deformities m which muscles or tendons are shortened are not 
necessanij to be treated by division or lengthening of the tendon 
This procedure ineantably weakens the muscle and the resulting loss 
of power may be important Efforts should be made to correct the 
shortening by milder methods of stretching bv hand or hy exercises 
as well as considenng the possibility of manipulation under an 
anesthetic or some form of extension In some cases it may be 
wiser to lea\e the defonnity This is often the case when the tendo 
AchiUis IS a little short m a paralysed and w eakened leg Lengthening 
the tendon further weakens the calf muscle and m addition it allows 
the foot to dorsiflex beyond the right angle position WTien weight 
IS placed on the foot the knee t> forced into hyperextension in which 
position It IS stable eien if the quadneeps is weak or absent 
Contracted ligaments may require division but it should be remem 
bered that some ligaments are essential to the stability of the joint 
They should if possible be stretched rather than cut 
If a bone is crooked as the result of injury or disease it may perhaps 
be straightened by osteotomy But it is not essential to cany out 
this operation at the site which is anatomically correct \Vhene\er 
possible the osteotomy should be performed at a level at whicli the 
bone IS normal and not at the site of old disease or injury Stiff joints 
can sometimes be mobilized by the operation of arthroplasty But 
before this is undertaken the surgeon sliould decide whether the 
function required is better with a sound fixed joint than it would be 
with the rather imperfect and perhaps unstable joint which results 
from the operation 

WTien there is loss of function rather than deformity all possible 
non operative methods should be considered first This is pirticu 
larly the case in paralytic defonmties and the use of splints appliances 
massage manipulations exercises and re education should be giv en a 
prolonged tnal before such operations as artfirocfesis and tendon 
transplantation or fixation are advased 

In fact m ortliopTdic treatment operation is only one part of the 
work It should be used only after careful consideration and as part 
of a planned campaign in which the pre*operiti\e and postoperative 
treatment is just as important as the operation itself 


OPERATIONS FOR CONGENITAL DISLOCATION 
OF THE HIP 

The standard operation forcongemtaldislocation of the hip is manual 
reduction w ith fixation m plaster Hus operation is generally accepted 
as a reasonable method m cases of unilateral deformity up to the age 
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of 8 years and in bilateral cases up to the age of 7 Attempts at 
reduction at a later age may be successful, but they are usuall5 con 
sidered inadvisable, because they may result m great stiffness of the 
joint or even m ankylosis The earlier the operation is earned out 
the better because reduction is far easier The acetabulum is more 
likely to be well developed in proportion to the head of the femur so 
that retention of the latter in the joint is more probable and recovery of 
movement after the penod of fixation is more rapid and more complete 

The mampulation may give nse to considerable shock Full and 
rather deep aniesthesia is therefore desirable The child lying on the 
back, an assistant fives the pelvis and thigh on one side vhile the 
operator flexes the affected hip to a right angle and holding the limb 
by the knee, gradually abducts it at the hip joint The operator s 
other hand is placed b^nd the great trochanter and used as a lever to 
lift this forward By steadily increasing pressure upon the knee the 
limb IS abducted until it lies flat on the table the adductor muscles 
being stretched and, to some extent ruptured The forward pressure 
upon the great trochanter pushes the head of the femur directly into 
the region of the acetabulum In simple case* during the manipula 
tion the head of the femur is felt to slip into its socket inth a definite 
click , if ^his does not occur further manipulations are tned w itli the 
hmb in various positions of rotation, or with the hip fle\ed to a greater 
degree, so that the femoral head i* directed more downw ards \Vhen 
the head of the femur has sbpped forwards and can be felt to he 
under the femoral artery, the operation is complete and the hmb 
ready for fixation m plaster of Pans In most cases when the head 
of the femur is in the acetabulum the hamstnng muscles become tight 
so that the knee cannot be extended The best position for fixation is 
with the thigh abducted at right angles to the trunk and rotated 
inwards, so that the leg points backwards A thin layer of cotton u ool 
or other padding is laid over the hmb from the middle of the calf 
upwards, nnd over the lower part of the trunk and tin* area is then 
encased in plaster of Pans bandages In a bilateral case, if possible 
both hips should be reduced at one sitting so that the> may be put up 
in a symmetneal position In unilateral cases it is better that the first 
plaster should include the thigh ol the semnd side, keeping it abducted 
at the hip 

After reduction an X ra> photograph should be taken through the 
plaster, to make sure that the femoral head is m the acetabulum 
fhis should shov\ the great trochanter pointing downwards . tlie full 
angle of the femoral neck should be visible and the epiphysis should 
he opposite the cartilaginous gap at tiie centre of the acetabulum 

In many cases of congenital dislocation there is mucli ante\ ersion 
of the femoral neck When this is present it is important to keep up 
strong internal rotation of the hip joint In many cases, if the limb 
IS allowed to rotate out. the head of the femur at once begins to slip 
up over the margin of the acetabulum 

The details of after treatment vary with different suigeons, and 
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must be to some extent vaned in each individual case The position 
of the hip should be controUed by X-rays taken at mten’als Tlie 
minimum time for retention m plaster may be put at six months but 
this is only possible in unilateral cases m which the hip is reduced 
easily and remains securelv m the acetabulum at the time of reduction 
The period is more often mne to twelve months in unilateral, and 
twelve to eighteen months in bilateral cases The fir^t plaster should 
be retained for at least two months . in subsequent plasters the hip or 
hips are gradually brought into a more and more adducted position 
and, at the same time, into slight flexion In bilateral cases it is 
important to keep the position of the two hips svmmetncal Inversion 
should be maintained and for this reason the plaster should be carried 
below the knee Some surgeons prefer to keep the onginal plaster on 
for a long period others change it every six or eight weeks Changes 
of plaster are advisable m older children (over 4 vears) as there is a 
much greater tendenev m them for the hips to become v ery stiff The 
child should not be kept recumbent during this long treatment, but 
may be propped up and earned about When the position of fixation 
allows It, the child may walk 

"WThien the plaster is removed the child may be left at first to recover 
mobility by its own efforts If the hips remain persistently stiff m a 
position of abduction the patient should be kept in bed, and extensions 
fixed to the limbs untd they come down into a position that will allow 
walking Persistent stiffness is probably due to arthritis, and recovers 
better wuth extension than with manipulations and massage At a 
later stage massage and exercises will help to teach a proper method 
of walking 

Various accidents have been recorded m carrying out this operation 
these include fracture of the neck of the femur, injury of the sciatic 
nerve, and rupture of the femoral vessels Most of these occurred m 
the early days of the operation , at the present time a fracture of the 
neck of the femur may take place m rare cases but is very exceptional 

VTien attempts at reduction of the hips fail, the child may be left 
for two or three weeks and a second mampulation then earned out 
It IS better not to fix the hip m plaster of Pans durmg this interval 
as the fixation may cause atrophy of the bone and lead to a fracture 
of the wppet end of the fernwr whew, the second attempt is carried out 

Failure to reduce may be due to the fact that the head of the femur 
IS at a very high level, so that it is impossible to bnng it down by the 
ordinary manipulations In such cases success has been obtained bv 
using preliminary skeletal traction A pin is inserted through the 
condyles of the femur or head of the tibia and extension obtained by 
tying the cord attached to the stirrup to the end of the bed, which is 
then tilted up to an angle of 45®, or ev en more By this means the 
head of the femur may be pulled down H or 2 inches in the course of a 
few weeks, and manipulative reduction can tlien be earned out 

In other cases, failure to reduce is due to the fact that there is too 
tight a constriction between the false capsule in which the head of 
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the femur lies and the acetabular part of the capsule In such cases 
reduction ca^ only be obtained by an open operation m uhich the 
capsule IS exposed and the narrow isthmus incised It is still doubtful 
whether this open reduction is justifiable or uhether failure to reduce 
the hip on three occasions, and after the use of prehminary traction, 
should not be accepted as a contra indication to any further operative 
interference 


Shelf operation— In certain cases after an apparently successful 
reduction of the dislocated hip, the head slips up again to too liigh a 
level uhen the plaster is removed and weight is borne upon the limb 
Such cases are suitable for Fair 


bank's shelf operation This 
must, however, be performed 
at a stage at which the head 
of the femur can be replaced in 
the acetabulum without diffi- 
culty It is so reduced, and 
fixed m an abducted position 
in a plaster case for three to 
four weeks before operation 
An X ray should be taken to 
confirm the reduction 
An incision is made along the 
anterior third of the crest of 
the ihum, extending down 
wards in a vertical line from 
the antenor supenor spine 
The tensor fascia femons and 
gluteus niedius and minimus 
are separated from the ilium 
subpenosteally and turned out 
wards until the antenor inferior 
spine, the straight and reflected 



heads of the rectus femons and for congenital duio 

the upper part of the capsule cation ol hjp, showing mcision on to bone 


of the hip joint have been ex- 
posed The upper margin of the acetabulum is then defined above 
it lie the reflected head of the rectus, and the redundant part of the 


capsule whicli is attached to the ilmm If this earlj'^ part of the 
operation has been carried out with the fimb lying straight down, it 
must be abducted and the head of the femur placed securely in the 


acetabulum at this stage 

A curved incision on to tlic bone is made, parallel with and about 
half an inch above the upper lip of the acetabulum With a fine 
osteotome inserted along this line, an osteo-penosteal flap is cut and 
levered downwards until it lies in dose proximity with the head of the 
femur, as the latter lies m the centre of the enlarged acetabulum This 
flap includes the margin and adjacent part of the roof of the acetabulum 
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A curbed gap is tlius left in the tlium A graft of bone sufficient to nil 


this gap and to project half an inch bej ond it is cut from the upper part 
1'"’ '"farted into Uie gap. and « edged uell home. 
(Figs 19, 20 ) Asa rrileit will stop in place securely, but if it does not 
it may be held in position by ivory pegs driven in obliquely above it. 
^e muscles are then sutured, the wound closed and the hip fixed m 
the abducted position, as after manipplative reduction. The after- 
treatment is similar to that already described, but it is unnecessary to 
maintain right-angled abduction for more than three months. 

Treatment of old unreduced congenital dislocations of the hip. — 
In cases of congenital dis- 



location of the lup hich liavc 
not been reduced, or in wliich 
reduction fails, pain may 
later develop either in the 
hip or in the back, and osteo- 
arthritic changes may occur 
m the fal«e joint. Tlicrc may 
also be great instability be- 
cause the head of the femur 
becomes displaced further 
and further upwards, failing 
to form any adequate false 
acetabulum In these cases 
the disability may become 
\ er>’ great and some operative 
procedure is then required to 
improve stability and to 
lessen pain The best of these 
procedures would apjiear to 
be Lorenz’s bifurcation osteo- 
tomy (Fig 21.) This opera- 
tion IS also suitable for some 
cases of pathological disloca- 
tion of the hip with much 
instability. 

An incision is made along the outer side of the femur below the great 
trochanter The femoral shaft is exposed and brought into view by 
passing large bone levers m front and behind it. llie bone is tlicn 
dmded with an osteotome in an oblique line directed upwanis and 
inwards, starting on the outer side at a le\el below that of the acct.i- 
bulum and terminating on the inner side at about the acetabular level 
WTien the bone has been cut completely through, the shaft is levered 
inwards until it lies obliquely against the cut surface of the upper 
fragment, the point on the inner side being pushed into the region 
of the acetabulum The adductor muscles are divided sulxrutaneously, 
and the limb fi\^ in a plaster case in whatever degree ot abduction 
is necessarj’. 
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The plaster should be re 
tamed for a period of ten 
w eeks in an adult The result 
of this operation is to keep the 
hmb abducted and to form a 
buttress on the inner side at 
the site of the osteotomy 
Tins buttress lies against the 
pelvis in the region of the 
acetabulum and stabiliies 
the joint The subsequent 
mobility of the joint is 
diminished to =ome extent 
but there is generally suffi 
cient movement to allow 
comfortable walking and 
sitting 

This opemtion increases 
the shortening considerably 
It should be reserved for 
cases m which there is 
persistent pain It must be 
emphasized that many 
patients w ith unreduced 
dislocation of the hip or hips 
remain fairly comfortable 
throughout their lives w ith 
out interference 

OPERATIONS rOR STABILIZING PARALYSED FEET 

In cases of infantile paralysis when certain muscles remain perma 
nently paralysed procedures may be adopted to render the foot more 
stable and to dispense with external support which rmght othenvise 
be required The procedures indude tendon transplantations and 
fixations and certain other operations upon bones and joints In 
planning these operations it is essential that there should be no hurry 
that a period of at least two years should have passed since the onset 
of the paralysis, and that adequate treatment by splinting, surgical 
appliances electrical stimulation and re education should first be 
earned out m order to secure as complete a restoration of muscle 
function as possible A premature operation upon a bone or joint 
leaves a result which it is practically impossible to undo It is 
undesirable also to perform these operations at too early an age The 
removal of portions of the tarsal bones m young children is apt to 
interfere with the growth of the foot It may be laid down as a rule 
that arthrodesis and similar operations sliould be postponed until after 
the age of twelve years 
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Arthrodesis —\rthrodesis is partiodarlj indicated m cn-c. in 
which there IS a persistent valgus or varus deformit> with much 
of muscle-for example m complete paral>sis of the pcronei and 
extensors of the foot and in talipes caIcaneo-\ algits Tlie prinaple 
of the operation is the removal of sufficient of tlie articular cartilage 
of the joint to bring the bonj surfaces into contvct co tlut bon\ 
ank>Iosis may result At the same time a small wedge of bone 
be removed in such a way as to correct anv deformitj present 

Mid tarsal arthrodesis —An incision is made along the inner 
side of the dorsum of the foot over the head of the astragnlus and the 
scaphoid just above its tubercle Tlie astragilo-‘icaphoid joint is 
defined and the tendon of the tibialis posticus retracted dow nw ards 
The tendons and vessels on the dorsum of the foot are all lifted <o 
that the whole dorsum is cleared and a narrow elevator is pushed 
around the outer border of the foot With an arthrodesis gouge the 
cartilage covering the head of the astragalus and the comsponding 
facet on the scaphoid are removed If tlie astragalo-scaphoid joint 
only IS to be arthrodesed — and this will suffice m manj cases of valgus 
deformity — the operation is stopped at this point but if the entire 
mid tarsal joint is to be arthrodesed the articular surfaces of the cuboi 1 
and os calcis are similarly removed care being taken that the bones 
finally fit together in such a way as to produce a foot of normal shape 
The wound is then sutured and the foot fixed in plaster of Parus in the 
corrected position It is essential that in tins position the heel and 
the heads of the first and fifth metatarsal bones shall be in the same 
plane so that they will meet the ground at the same time 

Posterior subastragaloid arthrodesis — A vertical incision 
made posteriorly along the inner side of the lower part of the tendo 
AchiUis The tendon is lifted towards the outer side and the flexor 
longus hallucis cleared and drawn inwards In doing thi» the 
postenor tubercle of the astragalus comes into view and the subastn 
galoid joint lies immediatelv below this A vertical incision is made 
on to the joint and the ligaments arc cleared away on each si le until 
the w hole of the margin of the joint u> exposed a narrow clcv ator being 
pushed down on either side of the calcis The articular surfaces of 
the astragalus and os calcis can then be removed with i fine bhderl 
osteotome If the ojicration is being done for a calcaneus defonrutv 
the osteotome is so directed as to remove a small wedge with the bi'^ 
posteriorly If there is also a valgus deformity the inner si<lc of this 
wedge IS made a little thicker than the outer side 

Triple arthrodesis of the tarsus (iNaughton Dunn’s operation) — 
A curved incision is made extending for about two inchi^ 
vertically along tlie postenor border of lla. fibula turning forvvanH 
opposite the external malleolus and exiending along the outer suk 
of the foot as far as the base of the fifth metatarsal Tlie peron'’3l 
tendons are exposed and retracted dowmwards and bacHiards 
middle fasciculus of the external lateral ligament i. divided and 
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the subastragaloid joint opened All the tissues are then lifted from 
the outer side and dorsum of the foot including the exten$or brevis 
digitorum In this u-ay the calcaneo cuboid and astragalo scaphoid 
joints are exposed and opened A narrow elevator is then pushed 
round the inner matgin of the foot 
After division of the interosseous ligament between the astragalus and 
the os calcis the whole foot is dislocated inwards below and m front 
of the astragalus so that the underneath of this bone the top of the 
os calcis and the posterior articular surface of the scaphoid are brought 
into view (Fig 23) The scaphoid is then removed entire care being 



F g 23 — Dunn s triple arthfodes s The jo nts are U d open by d slocat ng the foot 
inwards beneath the astragalus 

] The posterior h et cn teo» diets 7 Osepc* mot t t o» the astnifajut 3 IbMUStmtanlun UU 
< ff-e tOrrespODdini r»«t BO 4e sstrojafos 5 rtr3€Mfiiftl»».trapa erj fesepfioirf /(ScoafwJ 

taken in working round the inner side to divide the tibialis posticus 
tendon and calcaneo scaphoid ligaments There is a risk of fractunng 
the tubercle of the scaphoid and leaving it behind With an arthro 
desis gouge the cartilage is then removed from the head of the 
astragalus the posterior articular surfaces of the three cuneiform 
bones and the articular surfaces of the calcaneo-cuboid and postenor 
subastragaloid joint Tlie interosseous ligament between the astra 
galus and the os cakis IS dissected away and boneremoied if necessary 
until the remainder of the tarsal bones can be fitted together ac 
cunitely with the foot a correct shape 
The soft parts are then united with a few catgut sutures the skin 
sutured and the foot fixed in plaster m the corrected position It is 
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Mse jn this operation and m similar operations on the tarsus, to rcnio\e 
the tourniquet or Ksmarch s bandage before the wound is sutured to 
tie an\ obaious bleeding ixnnts, and to wash out the ca\it\ \nth hot 
saline solution 

Lambnnadi’s arthrodesis. — ^This operation is dcsignc<l pnmanh 
for cases of parahtic foot-drop, cither with or without power in the 
calf but without an\ power m the dorsificxors The foot is fi\id with 
the astragalus m a position of full phntir fltMon so tint when it u 
lifted from the ground the forefoot docs not drop further 

The first steps of the operation are the same as those for Dunn s 
triple arthrodesis, up to the point at which the foot ts dislocatwl 
inwards below the astragalus Tlie lower surface of this bone b thi n 
removed with a hand-saw b> a transverse cut Tlic upper surface 
of the os calcis is simihrl) cut awav with a broad osteotome and the 
surfaces of the calcaneo<ubo>d joint removed Tlic antenor end of 



the cut astragalus forms a beak , a slot is now cut in the lower part 
of the articular surface of the scaphoid of sufficient sue to allow the 
beak to fit snuglv into it {Figs 2*1 2'J) when all the olhtrcut surfaces 
arc brought up into proper contact This slot should Ik. tut rij ht 
across the scaphoid as far as the inner border Tlit bones arc tin n 
held accurately in plaie the wound sutured and the foot fixed in 
plaster of Paris . 111 , 

The exact line of section of the astragalus depends ujion the height 
of the hcti that is to be worn Before operation a lateral X nv 
should be taken of the foot m full plantar flexion A tracing of tins 
IS made and the lines of saw-cut planned bv ruttmc thb. allowing 
for a hctl of 1 or U inches or whatever height is requiretl 


Whitman’s astragalectom).— Tins operation b intended as » 
substitute for a tarsal artlirodesLs OnpnalU designed for tli^e Ut it 
ment ol tahpes calcaneus it is also smtablo for sonrc cavs of flyt b«l 
M ith a s arus dcfonnit) Tlic principle Ulion si Inch it is based u tlat 
of abolishing the siibastragaloid joint and substituting a sing c J 
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between the tibia and fibula and os calcis for the anhle joint, sub- 
astragaloid and midtarsal joints, so that the foot moves with a simple 
hmge action and does not retain any lateral mobility 

The incision is the same as for Dunn’s operation The peroneal 
tendons are retracted m the same way, or may be di\ ided and sutured 
subsequent!) The extensor brevis is lifted from its attachment and 
the dorsum of the foot cleared as far forwards as the astragalo scaphoid 
joint All three fasciculi of the external lateral ligament are now 
divided and the foot is dislocated inwards at the ankle jomt Bj 
cutting through the interosseous ligament the capsule between the 
head of the astragalus and scaphoid, the middle portion of the internal 
lateral ligamenf and the posterior ligament of the ankle jomt the 
astragalus can be removed entire Tins can usuaU\ be accomplished 
quite easily by cuttmg with a pair of curved scissors A pocket is then 
made on the mner side of the top of the os calcis in the region of the 
sustentaculum tah into which the internal malleolus will fit In some 
cases it IS advisable to remove the sustentaculum with an osteotome 
A piece of bone is then cut off the outer side of the foot in the region 
of the calcaneo-cuboid jomt, sufficient to narrow tins part of the os 
calcis until it will fit well up between the malleoli In fitting it up 
m this way the whole foot is displaced backwards If it does not do 
so the foot will tilt over mto a varus position When a proper fit has 
been obtamed, the tourniquet is removed, bleedmg stopped and the 
wound sutured, the foot then being fixed in plaster of Pans 
• After Whitman’s operation, and after arthrodizmg operations 
on the tarsus, the plaster should be retained for three months , during 
the last month the patient mav be encouraged to walk on the plaster 

OPERATION FOR PARALYTIC TALIPES CALCANEUS 

A combined operation of arthrodesis, tendon transplantation and 
tendon fixation is used for the treatment of talipes calcaneus At the 
first operation Steindler's stripping of the under surface pf the os calcis 
IS earned out to flatten the arch and an arthrodesis of the astragalo- 
scaphoid jomt is performed at the same time 'Hie foot is then fixed 
m plaster of Pans in strong dorsiflexion for a period of six weeks 

At a second operation a vertical mcisvon four or five inches long is 
made along the inner border of the tendo Achillis The tendons of 
the flexor longus hallucis, flexor longus digitorum, peroncus Jongus 
and peroneus brevis are isolated and divided as low dowm as possible 
Posterior subastragaloid arthrodesis is then earned out A stnp of 
the tendo Achilhs is fixed to the back of the tibia, holding the foot m 
about twenty degrees of plantar flexion, and the four tendons 
mentioned are transplanted mto the tendo Achilhs just above its 
insertion {tee p 172) The foot w fixed in plaster of Pans m twent) 
degrees of plantar flexion and the plaster is kept on for a total period 
of three months 
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OPERATIONS rOR CONGENITAL TALIPES 
EOUINO-VARUS 


The treatment of congenital talipes equmo ^a^us should be com 
menced as earlj as possible and unless the child is exceptionallv 
dehcate manipulatue measures ma5 be earned out within the first 
three months WTierever possible the correction of the deformiti 
should be earned out entirely bj manipulative methods without anv 
cutting operation this appbes to children of all ages 
Manual correction — ^The child is anresthetized and the surgeon 
attempts to unfold the foot wtli his hands taking each element of the 
deformity m turn He will first stretch to correct as far as possible 
the cavus deformity then the antenor part of the foot is grasped with 
one hand the heel yynth the other and the front of the foot i» steadil> 
abducted and rotated out Finally m this position of abduction and 
external rotation the foot is steadily dorsiflexed until it passes 
bejond the nght angled position These several minipulations are 
not necessanlj earned out at one sitting but thej must be done m 
this order i e first the cavus defonnitj is corrected then the varus 
deformitj and finally the foot is dorsiflexed over the nght angle As 
soon as a correction has been obtained yyhich is felt to t e as much as 
IS desirable for the moment the foot leg and knee should be fixed m 
plaster of Pans m a position of correction yyhich is not quite the 
maMmum obtained dunng the manipulation i e a position which can 
be held easily without undue force In fixation of the foot m plaster of 
Pans It IS important to remember again the tliree elements of the 
deformitj and that the foot must be flattened eierttd and dorsiflexed 
In order that eiersion may be secured it is necessary to get some fixed 
point from which the foot can be twisted. This is onl) possible if the 
knee is flexed and included m the plaster A plaster case w hich reaches 
onl} as far as the calf can rotate upon the leg and allow tlie foot to 
mvert moreover m small children such a short plaster is very apt to 


slip oft A good method of applying the plaster bandage is to start 
upon the outer side of the leg and after a few turns round the heel 
and foot to bring the bandage from withm outwards across under 
tlifi antenor part of the sole From the outer side of the sole it is 
canned right over the top of 
the flexed knee this turn assists 
m holding tlie foot strongl} 
everted and abducted Mith 
further turns the rest of the foot 
leg and lower third of the thigh 
are included After the plaster 
has been completed the toes 
should be inspected to see that 
t the arculation m them is good 



Pg 25 — Dems Browne s splints for congen tal 
talipes equino-Tarus 


Denis Browne s splints form 
a most efficient substitute for 
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plaster of Pans and, bj holdmg both feet m a position of eversion and 
encouraging movements of the knees and hips m this position, are 
ver^ successful m correcting the tendency to subsequent intoemg 
{Fig 25 ) It IS essential to put both feel* on splints even if onl> one 
is deformed The foot or feet are first corrected manuallv. if possible 
b> one manipulation Each foot is then bandaged on to its splint 

1 A felt or sponge rubber pad is placed under the outer border of 
the foot 

2 The front part of the foot is securely bandaged down to the splint 

3 The ankle is bandaged 

4 A bandage is passed over the front of the ankle and behind the 
heel, thus holding the heel well into tlie splint 

5 The leg piece, which so far has been ignored is brought up to 
the side of the leg and bandaged into place 

6 WHien both, feet have been separately bandaged, the cross piece 
between the splints is applied and the required degree of eversion 
adjusted 

In children up to the age of one >ear no treatment other than 
manipulation and fixation m plaster or splints is advisable, except 
that it may be necessar. to divide the plantar fascia subcutaneousl> 
At the end of a j ear, if there is real difficulty in dorsifiexing the foot 
bejond the right-angled position, a tenotom} of the tendo Achillis 
may be required In such a >oung child the lengthening operation 
described at p 160 ma> not be possible, and it may Lc necessarv to 
divide the tendon completelj 

In older children up to the age of 5 or 0, correction of the foot should 
generally be earned out bj one or more manipulations under an 
anssthetic, without any additional cutting oj>erat 2 on In rather older 
subjects, correction with the hand may not be possible and a Tfiomas's 
ibYcnch (Fig 20} is then a useful accessory Tbe best method of using 
It IS as follows The foot is lightly padded with cotton wool and a firm 
bandage applied , the wrench is then fixed m the required position 
and screwed up as tight as possible so that it will not slip The limb 
is brought into such a position as wiD permit the handle of the wrench 
to be rested against the surgeon s hip The stretching movement 
can now be earned out by pressure upon the handle exerted through 
the hip, leaving the surgeon's hands free to support the limb and to 
feel what he is doing with the wrench In correcting a pes cavus the 
wrench is fixed on the foot with the distal bar over the dorsum and 
the proximhl bar under the instep In correcting a pes planus the 
position of these bars is reversed To abduct the foot at the heel, 
the bars are fixed antero posteriorly below the malleoli, the body of the 
wrench lying behind the heel These are the three most useful positions 
for the wrench A steadily increasing pressure should be used , 
jerking and excessive force should be avoided After a forcible 
manipulation with the wrench, the foot should mvanably be enclosed 
m a thick lay er of cotton wool and finnly bandaged, whether plaster of 
Pans is to be applied immediately or not 
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resistant cases of taUpes equmo-sanis m older 
^bjects in whom mampnlatiie methods have proved msuffiaenf 
many open operations have been devised That procedure shSbe 



selected 'which will correct the foot wth the least removal of bone and 
without interference mth the tarsal and anUe joints 

Capsulofom) of the astragalo-scaphoid joint. — In resistant 
cases of congenital tabpes equino-\aru5 the obstructions to correction 
are — 

1 Shortening of the plantar fasaa and muscles of the sole of the foot 

2 Contraction of the antenor part of the internal lateral ligament 
tibiahs posticus and the hpaments umtinj: the sustentaculum tab and 
the internal malleolus to the scaphoid 

3 The os calcis is rotated so that its antenor extremitj faces 
downwards and inwards its postenor e\tremit> backwards, upwards 
and outwards It is held in this position partly by its ligamentous 
attachments in the region of the sustentaculum tab and partly by an 
adaptu e alteration in the shape of the facets, w hich obstruct its return 
to Its normal hne beneath the astragalus 

4 There maj be an adaptn e change in the shape of the neck of the 
astragalus, which points too much downwards and inwards 

6 The equinus deformity is kept up by shortening of the tendo 
Achilhs and of the postenor ligaments, but e^ en when these have been 
freely divided it may be found that the astragalus will not return to its 
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nomal position between the malleoli because the antenor portion of 
its upper articular surface is too wde 
As a first step in open correction it is often advisable to do Stemdler s 
operation of stripping the os calcis {see p 168) The next step, winch 
may be carried out at the same operation, is division of the astragalo- 
scaphoid capsule A curved incision is made on the inner side of the 
anUe along the line of the tibiahs posticus tendon This tendon is 
exposed right down to its attachment to the scaphoid bone It is 
generally advisable to remove it from this attachment The under 
surfaces of the sustentaculum tali and the scaphoid are then com 
pletely cleared, working close to the bone and dividing the other 
attachments of the tibialis posticus The remainder of the internal 
lateral ligament and the calcaneo scaphoid ligaments are then divided, 
cutting deeper and deeper until the knife meets the neck of the 
astragalus, which often lies at a very considerable depth 
The object of this part of the operation is to separate the scaphoid 
internal malleolus and sustentaculum tali and to open the joint m 
front of and below the head of the astragalus W'hen this is thoroughly 
opened it will be found that the anterior part of the foot can be 
abducted and a large proportion of the deformity immediately 
corrected 

If complete correction is not obtained in this way it is probably 
because the os calcis cannot be brought into its proper position beneath 
the astragalus One method of combating this is to make an incision 
on the outer'side of the foot m the r^ion of the tirsal sinus and to 
divide the interosseous ligament, but even then correction may be 
insufficient because the surfaces of the astragalus and os calcis have 
become adapted to the deformed position and the bones will not 
remain in place 

A simpler method is to make a small incision on the outer side 
immediately behind the calcaneo-cuboid joint, and to di\ide the os 
calcis transversely at this point The foot can then be abducted the 
scaphoid cuboid and small antenor piece of the os calcis all moving 
outwards After this operation the foot is fixed, in plaster of Pans m 
a moderate degree of correction, and it is generally advisable to 
remove this first plaster case and to replace it with another in more 
complete correction at the end of two to three weeks 

The other operations which have been advocated for the correction 
of congenital talipes such as aslragalectomy and cuneifonn tarsectomy, 
leave a very disabled foot and are inadvisable except in particular!) 
difficult cases If an astmgalectomy is performed, this should be done 
by 'Wliitman’s method If a wedge of bone is to be removed from the 
outer side of the foot because operations on the soft parts fad to secure 
complete correction of the varus deformity, the wedge should, if 
possible be removed without encroaching on the mid tarsal joints 

Correction of resistant cquinos deformity.— Wien the varus 
deformity is satisfactorily corrected but the foot ^\^H not dorsiflcx 
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beyond a nght angle it is seldom of any use to divide the tendo 
Ad^is a second time In the circumstances an incision should be 
made postenorly along the mner border of the tendo Achilhs and the 
postenor hgament of the anUe-jomt dmded If the equmus still 
cannot be corrected the external malleolus should be dinded wth an 
osteotome at the le\ el of the anUe joint so that it can spnng outward 
and leave room for the wdened part of the upper facet on the astragalus 
between the two malleoli 


OPERATIONS FOR HALLUX VALGUS AND RIGIDUS 

Three different operations are used for the treatment of hallux \algus 
In cases m which the deformit> is not vei^ severe but the symptoms 
are due to pressure upon the prominent head of the first metatarsal 
and to the formation of a bursa upon it excision of the projectmg 
portion of bone (excision of exostosis) is usually sufficient to rehe\e 
the patient but it should be explained that this operation will not 
correct the deformity of the toe and therefore does not give a perfect 
Ksthetic result It is madequate in cases in which the big toe is 
suffiaently deformed to interfere with the movement of the second 
toe and also in cases m ^^hich joint movement is painful In all of 
these a complete excision of the head of the first metatarsal or else an 
excision of the base of the first phalanx combined VMth tnmming of 
the head of the first metatarsal should be performed These two 
latter operations are also suitable for the treatment of hallux ngidus 

Excision of exostosis — An incision is made starting on the dorsal 
surface of the distal end of the first phalanx and extending directly 
backwards over the head and neck of the first metatarsal The skin 
and subcutaneous tissue are reflected mwards and outwards and the 
deeper part of the bursa removed it is not necessary to remove the 
whole of the wall of the bursa If the latter is adherent to the skin 
and is dissected nght away from it the indurated skin thus left may 
subsequently slough and give nse to difficulty m healmg The incision 
li deepened along the same Ime until the joint has been opened and 
the capsule and synovial membrane are separated from the inner side 
of the head of the metatarsal and ba'se of the phalanx the internal 
lateral hgament bemg completely divided It is generally advisable 
to dissect back the capsule and synovial membrane on the outer side 
of the jomt also and to divide the lateral ligament on this side so that 
a fine elevator can be inserted on each side beneath the neck of the 
metatarsal bone The head of the bone is thus fully exposed and 
mspected It will be seen that only a portion of it enters actively 
mto the articulation the inner jiart being denuded of cartilage and 
helping to form the external prommence This portion of bone is 
chiselled away thoroughly and any thickened tissue overlying it 
removed the rough bone is then smoothed with a file the joint cavity 
being carefully inspected to make sure that no chips of bone are left 
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behind, and the capsule of the joint and skm are then separately 
sutured 

Excision of the head of the first metatarsal bone.— The operation 
IS earned out as desenbed above up to the point at which 
th'e head of the metatarsal bone has b«Jii brought fully into 
This bone is then chiselled away with a fine osteotome on all sides until 
a new small rounded head has been shaped the amount of bone 
removed depends upon the seventy of the deformity The gap left 
bet^\een the new head and the base of the phalanx must be sufficient 
to allow the toe to be brought into line without tension It is desir- 
able, if possible, to leave a small portion of the surface beneath the 



Pig 27 — Operations for hallux valgus 

A DonU A* (ateni view ef opeiit on for btHux valinis by Kro («t cxc sion of (t>e hud of mcuunal 
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head of the metatarsal which rests upon the sesamoid bones Tlie cut 
surface of the bone is filed smooth The capsule of the joint and skm 
are then sutured (Fig 27 ) 

In Mayo's modification of this operation the new metatarsal head 
IS covered with a fascial flap wbich bas been dissected backwards and 
left attached to the neck of the metatarsal bone This introduces a 
complication in the operation which seems to make no difference to 
the eventual result The insertion of this flap has been abandoned by 
most surgeons 

Excision of the base of the first phalanx.— The preliminarj stages 
of the operation are the same as those last desenbed but the incision 
through the capsule of the joint must be carried fon\ards o^er 
the first phalanx, just internal to the long extensor tendon Narrow 
elevators are passed round the middle of the phahnx on the inner and 
outer sidts, the phalanx is lifted up, and is cleared of attachments 
completelj In doing this the attachments of the short muscles on the 
phntar aspect have to be divided, and care must be»taken to a\oid 
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division also of the long flexor tendon About three-eighths of an inch 
of the base of the phalanx is then removed with a Gigh s saw or with a 
fine finger saw The non articular part of the head of the first meta 
tarsal IS removed together with any osteophytes the metatarsal head 
being tnmmed down to a rather small size the articular cartilage 
covenng its extremity being left intact The deep tissues and skin 
^re then sutured 

After any of these three operations the patient may be allowed to 
walk on the foot as soon as the wound has healed that is in about ten 
days It IS advisable to support the toe and the transverse arch of 
the loot with adhesive strapping from the time that the wound is 
healed for about two months One piece of strapping is attached 
to the inner side of the toe and drawn backwards along the inner side 
of the foot to hold the toe abducted A second piece is passed 
circularly around the foot immediately behind the heads of the 
metatarsal bones 

As hallux valgus is commonly associated with some clawing of the 
outer toes thia should be treated by suitable massage manipulations 
and exercises after the operation The second toe is sometimes found 
to be dislocated at the metatarso-phaJangeal joint having been lifted 
up by the big toe If this condition is present it should be treated by 
excision of the base of the first phalanx of the second toe at the time 
of the hallux valgus operation 

OPERATIONS FOR HAMMER-TOES 
Hammer toes are not always of the same anatomical vanet} The 
true hammer toe affects chicfl> the second toe and consists of an acute 
flexion of the first interphalangeal joint The skin beneath this joint 
IS usually shortened so that straightening is prevented bj its con 
traction as well as by contraction of the ligaments of the joint There 
IS often a com and bursa on top of the joint 
When several toes are affected the condition is usuall} one of 
claw toe rather than hammer toe By this is meant that there is a 
contraction of the first interphalangeal joint of each toe but the skin 
beneath is not appreciably shortened This condition is usually 
associated with pes cavus of greater or lesser degree In both 
hammer toe and claw toe the metatarso phalangeal joint is hyper 
extended and may actually be subluxated 
Other deformities met with are 

1 Fixed flexion of the terminal phalanx 

2 Lateral deviation of the distal part of one or more toes 

inwards 

For all these conditions the best operative procedure (if operation is 
necessary) is Higgs spike operation (Fig 28) which produces a stiff 
fixed joint . i 

In carry ing out this operation on a tyTUcal hammer toe an ellipUcal 
incision IS made removing the com and bursa and exposing the Iiead 
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of the first phalanx The extensor tendon may be lifted aside or cut 
away its ends wall not retract, but umtc of their own accord after the 
wound is sutured The head of the first phalanx and the distal half 
of its shaft are cleared completely with a knife and nigme With a 
small pair of bone cutting forceps the head of the bone is cut away on 
each side, so that the distal end of the phalanx terminates in a spike 
The articular surface of the second phalanx is then drilled, either with 
a special pointed burr or a fine gouge spike is impacted into 

the hole thus dnlJed and the skin sutured The removal of an elliptical 
piece of skm on the dorsum shortens this surface of the toe and holds 
the spike in position 




Fig zS — ^Th« spike operation lor hammer toe 


No splint IS necessary when the stitches are out, the joint may be 
protected with simple strapping until it has had time to consolidate 
At the time of the operation the first phalanx should he forcibly flexed 
upon the head of the metatarsal bone 

This operation may be used for all the abo\e conditions with 
appropnate modifications eg m a lateral deviation the elliptical 
incision IS situated upon the outer comex aspect of the joint The 
only exception js that in some cases of flexion of the terminal joint, 
amputation through this joint is simpler Also, in bad clawing of the 
little toe m an adult, it is sometimes impossible to get the toe on 
the ground, and it is then simpler to amputate it WTien a hammer toe 
of the second toe co exists with a bad hallux \algus deformity, it is 
useless to straighten the second toe if the big toe is left deformed, as 
there is no room for the second toe to he in its proper line When this 
complication exists, an operation for hallux valgus should be combined 
with that for hammer-toe 
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INGROWING TOE-NAIL 

It an ingrtmmg toe-nail cannot be kept under control br simple 
measures it maj be treated b\ a\'ulsion of the nail, b\ XMllctt s 
operation or bj remo\al of the whole hail bed 

Avulsion of fbe nail is earned out under general or local aniesthc 
sia one blade of a flat-bladed pair of forceps is pushed well down 
under the nail which is grasped twisted free at the sides and then 
pulled out from its root Unfortunateh the new nail is hkelv to grow 
in the same wa\ as the old one and recurrence is common 

Willett’s operation. — ^This aims at the production of a flat scar 
along that side of the nail which tends to grow in A tenotome is 
passed in at the side of the base of the nail, deep to the skin, and 
undercutting it to a ^^^dth of half an inch The tenotome is tlien 
worked fon\*ards to bejond the tip of the nail, thus raising a flap of 
skin half an inch wide along the whole of the nail margin , this flap is 
cut off at its base and the raw area allowed to heal b\ granulation 

Extirpation of naibbed. — If the nail bed i» simph extirpated b\ 
dissection, a raw area is left which has to heal bt granulation and 
which ma\ lea\ e a bad scar The best method is to carr> out a formal 
amputation of the last phalanx of the toe Tlie absence of this 
phiilanx does not in anj wa\ weaken the foot Some surgeons prefer 
to remov c the nail bed and shorten the toe b> remo\ mg onl) the distal 
half of the phalanx, but this does not appear to ha\ c an> adN antages, 
and complicates the operation bv dividing bone in what is often a 
septic held 

OPERATIONS FOR WEBBED FINGERS 

Operate e treatment for webbed fingers must be planned to suit each 
indi\idual case Tlie method to be adopted vwll depend upon the 
width of the web whether it extends down to the extremtU of the 
fingers or stops short of the region of the nails, whether it involves 
the nails, and whether the bones arc fused WTien there is a partial 
or complete fusion of the bones, it ma> be adNuable to Ica\c the 
^ fperak’on J5 to Jrsvn jalfarx than iiiipro\ e 

the usefulness of the hand 

It must always be remembered that the object of the surgical 
treatment is to make the hand both sightl} and useful Operation 
must be planned so that all raw surfaces are co\ ered w ith ample «kin 
of sound texture, which is not adherent to bone or tendon, and which 
IS not badly scarred but is as supple as possible For this reason, m 
flap operations the skm must cover the raw area without tension 
Thiersch grafts are unsuitable and, as a general rule, raw areas should 
be covered b> pedicle grafts although Wolff grafts contammg the 
whole thickness of the "^km ma\ be u«ed on the lateral aspect of the 
fingers when thev' are m contact with subaitancous fattv tissue onI> 
and not with bone or tendon Manv of thcoperationsusuaIl> dcicnbcd 
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look Well in diagrams but are impossible in practical application 
Children stand pedicle grafting veo^ well and cease to be worried bj 
the fixture of the hand to the abdominal wall after a few’ days 
It IS wise to postpone opetation on webbed fingers until the child is 
about four jears old By so doing the actual operation is rendered 
simpler and the child is more easily managed The two methods 
described below w ill suffice for most of the cases suitable for operation 

1 Wide webs. — When the web is sufficiently wide to enable the 
fingers to be held apart right down to the cleft, the skin of the web 
will be sufficient without the addition of a graft But such cases are 
rare There is a temptation simply to split the web vertically and 
suture each half, but this method will almost certainly end with the 




Fig sg — W«bb«<l /ins«rs Op«rat<on for a vrt6e vreb The fiip taken front the dorsal 
surface is wrapped around the middle finger, that taken from the palmar sur- 
face around the ring linger Both are sutured accurately into place 

web fusing again m its proximal part, and the scarring will interfere 
with mobility 

In the middle and ring fingers, incisions on the dorsal and palmar 
surface are made as in Fig 29, the skin of the web being thus split 
into a palmar layer attached to the ring finger and a dorsal layer 
attached to the middle finger Provmaffy each flap mefurfes 
V'Shaped portions, that on the dorsal surface extending proximally 
well back on to the margin of the head of the fourth metacarpal , 
that on the palmar surface need not be quite so large The dorsal 
flap is then wrapped round the middle finger , the apex of the V is 
first fitted into the corresponding point on the palmar aspect and 
sutured there with fine interrupted sutures of silkworm gut, the rest 
of the flap being sutured m a similar manner The palmar flap is then 
sutured round the ring finger m the same wav, and finallv the two 
flaps are sutured to each other at the cleft betw cen the fingers 1 he 
skm on the dorsal aspect is loose and extensible,^ and this should 
allow the flaps to be hxed without tension If there is tension on 
the flaps the case has been misjudged and should not ha\e been 
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treated bj this method Dressing is kept pacUd well into the ckft 
and the stitches arc onlj removed when healing is complete 
2 Oosc webs.— Wien the web is close, all the shin i\ailablc 
should be used to cover one of the fingers, the rav\ area left upon the 
other being covered b> a pedicle flap The skm is taken from the 
dorsal surface of the longer finger to cover the other In the case 
of the index and middle fingers a flap is raised from the dorsal surface 
of the middle finger as shown m Fig 80. it includes a V shaiied 
portion proximallj similar to that used m the previous operation 
Anteriorly an incision is made vertical^ in the lino between the fingers . 
the cut should extend through akin onh and the fingers should be 




Fig 30 — Webbed fingers Operation for a dose web The flap taken from the dorsal 
surface is (a) wrapped around the index finger and sutured into place The 
raw area (b) left on the middle finger u covered bj a pedicle graft 

separated well dowm into the cleft b> blunt dissection This involves 
less nsk to the digital nerves and vessels The flap is then WTapped 
round the index finger and sutured antcnorl} , the V-shaped portion 
being first fitted down into the cleft The hand is then hid upon the 
abdominal wall in an easy position and a flip marked out long enough 
to cover the whole length of the raw area on the middle finger without 
tension This is dissected back, without fat, just far enough to 
enable it to be sutured m place It must be sutured accuratelv 
to the whole length of the skin margin on the dorsum of the nng- 
finger , the proximal edge must be sutured to the edges of tlic flip 
on the index finger in the depth of the cleft, and the distal edge must 
be sutured to the skin margm on the ring-finger where it extends 
round near the nail The palmar aspect is thus the onU part which 
is, left unsutured It is useless to attempt to suture the raw area 
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on the abdominal \vall Dressing is packed well dowm mtd the web 
and between the fingers and the abdominal wall The arm is secured 
in position b) wide adhesive strapping passed round the forearm and 
over the shoulder and round the arm and circularly around the chest 
The surgeon should fix these while the fingers are exposed as he can 
then see that the circulation is not interfered with The dressing 
should be changed every few dajs At the end of three weeks the 
skin flap IS separated from the abdominal wall the skin margin 
on the anterior aspect of the middle finger is cut awa> to a clean edge 
and all granulation tissue is removed carefull> from the raw area and 
from the under surface of the flap The flap is then carefully sutured 
into place The abdominal wound may be sutured after excision 
of the granulation tissue and skin margins or it may be left to heal 
by granulation 

OPERATIONS FOR DUPUYTREN’S CONTRACTION 

Two methods are used for the correction of Dupu} tren s con 
traction — 

1 Subcutaneous operation — This is espccnllj indicated m cases 
of moderate seventh in which there are a few tight bands and the skin 
IS not very deeply puckered It ma} also be used m very severe 
cases m which the fingers are tightly flexed into the palm so that at 
any rate in the first instance an open operation cannot be perfonned 
because it is impossible to get proper access to the part This leaves 
the open operation as that usually advised m fairly severe cases 
which have however not reached the extreme degree of dev elopment 
Actually the choice between a subcutaneous and an open operation 
depends largely upon the individual surgeon come surgeons preferring 
one some the other 

The subcutaneous division is earned out b'^ inserting ti fine bladed 
tenotomv knife under each hard band m turn choosing the intervals 
between the puckers in the palm and dividing the bands The teno 
tome is also passed on the flat beneath each deep pucker m the skin 
so as to separate the skin from the fasaal bands to which it is adherent 
at these points A number of punctures must be made the palm 
and finger joints bemg graduallj flattened out It may not be possible 
to correct the whole of the deformity at one sitting it may be 
necessary to wait until the first senes of punctures has healed and 
then after two or three weeks to divide those bands which have 
escaped at the first operation A metal splint with separate pieces 
for each of the affected fingers should be fixed upon the hand at the 
time of the operation worn confinuousl\ for six weeks and for a 
further six months at night onlj 

2 Open operation — ^Two vaneties of open operation maj be 
performed In the first one or more vertical incisions are made 
over the contracted bands extendmg as far up the palm and down the 
finger as is necessarv Througli these incisions the palmar fascia is 
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exposed and the whole of the indurated tissue is dissected out 
sj stematicallj It is usually necessan to dissect sufiicientU deenk 

to expose tlie sheaths of the long flexor tendons in order to miLe 
sure that the whole of the affected fasen is remoxed 
This operation maj be impossible in sex ere ca«es (1) because the 
fingers are too greatlj flexed to allow access to the palm and (2) because 
the skin IS too contracted to pennit its subsequent suture In the 
first case a subcutaneous operation at an\ rate as a preliminary is 
adv isable In the second case it may be advisable to make a V-^haped 
incision into the palm cutting through the skm and fascia and to 
unite this incision as a Y In using this latter method the affected 
bands of fascia may be removed or mav simplv be divided Tlit use 
of the splint in the after treatment is not so necessan after the open 
operation as after the subcutaneous method if the removal has been 
thorough 


ISCMMIC CONTRACTION OF THE FLEXOR MUSCLES 
OF THE FOREARM 

In isch'emic contraction the fibres of the aflected mindes have 
undergone an aseptic necrosis and have disappeared being replaced 
by fibrous tissue Usually the pronator radn teres flexors of the carpus 
and flexores sublimis and profundus digitorum arc thus affected and the 
forearm is held m a position of pronation with the WTist and fingers 
flexed There IS often m addition partial involvement of the median 
and ulnar nerves so that the sensation m the hand is imperfect and 
the intnnsic muscles may be involved 
Correction of the fixed deformity may be attempted by splinting or 
by operation but it is a mistake to expect a considerable functional 
rccoverv \erv often there is little or no muscle substance left so 
that if the fingers and wnst arc straightened thev are incapable of 
active flexion Paralvsis of the intrinsic muscles of the hand of 
course also scnously interferes with the chance of good functional 
rccov ery 

Gradual correction of the flexion dcformitv by splmtmg is po^sil It 
m cases of recent onset but this method is of little v alue m old standing 
cases Lengthening the tendons of the affected muscles will correct 
the contraction but any remaining power will certainlv be sacnfictd 
by this method Tlie best method of attempting to correct the 
deformity and at the same time to retain any power which remain'. 
IS bv detaching the affected muscles from their origins 
A long incision js made from the internal supracondylar ndge 
down the inner aspect of the elbow and forearm half wav to the wnst 
The common flexor ongin l*» detached from the internal tpicondv It the 
ulnar nerve is isolated and the vvhole of the front of the ulna is then 
stnpped of muscles working from the inner border Tlie attachrnent 
of the brachiahs anticus to the coronoid proce<;s should alone 1 c left 
If the fingers and thumb still caniiot be straightened complettfv a 
second incision is made on the outer side of the antenor aspect of the 
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forearm between the supjnator longus and the biceps tendon, the 
musculo spiral nerve at its termmation retracted to the outer side 
and the tendon of the biceps muscle followed do\vn until the radius is 
reached The attachment of the flexor subhmis digitomm to 
the anterior oblique line of the radius can then be separated and 
below this the flexor longus poUicis detached from the anterior aspect 
of the bone 

After suture of the wound, the hand is fixed on a splint wath a 
moderate degree of extension of the wnst and fingers the sphnt is 
retained for six weeks but removed daily for manipulations and 
active movements as soon as the wound is healed 

This operation improves the appearance of the hand considerably , 
bfut the degree of improvement m function depends on the amount 
of muscle which has escaped destruction 
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OPERATIONS ON JOINTS 

By P JENNER VERRALL 

Introductory — During the War of 1914-18 and the decade \\hich 
followed it the mass of climcal matenal and the need for surgeons to 
devise means of restoring to functional and wage-earning efficiency 
jomts injured by wounds provided an unprecedented field for surgical 
experiment Some of these procedures have stood the test of time 
and some have not Only those measures which have reached an 
established position will be descnbed 
Only a few years ago the majority of joint operations were for the 
eradication of tuberculosis but these are now rarely called for and 
whereas at that time the opening of an aseptic joint xras approached 
with diffidence the increased efficiency of asepsis has so widened the 
scope of joint surgery that m suitable surroundings and provided 
with modem equipment the surgeon need no longer hesitate 
Arthroplasty in spite of many bnlliant results has not on the whole 
given the satisfaction that the accurate technique bestowed upon it 
led surgeons to expect while they have increasingly realized that a 
jomt ankylosed m good position gives a far more useful limb than 
one which has perhaps 5 degrees of painful movement and the possi 
b hty of lateral instability or recrudescence of disease The mechan 
ical difficulty of intra articular arthrodesis where the necessary removal 
of opposmg cartilaginous surfaces leads to bad co-aptation has led 
to the advance m methods of extra articular fixation 

The resistance of .the pentoneum to contamination was under 
estimated for years We now know that this is not true in the same 
degree ibr e/nowaJ membnuoss the openung of an aseptic joint must 
therefore still be regarded as demanding minute attention to aseptic 
detail 

ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS 

Morphology — The earliest sign of joint formation m the primitive 
limb-bud IS the appearance of a thickening of the mesenchyme betw een 
the masses which wall subsequently develop into bones At first this 
IS a simple joint plate and m synarthroses all the intervening matenal 
persists In amphiarthroses however such as the intervertebral 
discs and symphy sis pubis there is early formation of a cleft which 
becomes filled with a mucoid substance In diarthroses a full cavity 
develops which may be multiple m those jomts where there are 
106 
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intra articular structures the latter representing a persistence of the 
intervening substance betueen two separate cavities TTie surround 
ings of the cavity form two layers of which the outer becomes the 
primitive capsule and the inner the early synovial membrane In 
the course of de\cIopment of diarthroses this primitive capsule becomes 
thm to vanishing point on those aspects of the }omt on which no 
ligamentous strain is imposed and the range of movement is checked 
by other means while other parts become thickened to form speaal 
ligaments In many cases these thickenings are morpliologically 
detached portions of muscles which originally crossed the joint and 
have m the course of evolution ceased to do so gainingncivinsertions 
and leaving the distal part of their tendons as ligaments The knee 
and shoulder afford good examples of this In the former the onginal 
capsule IS almost non existent the anterior capsule consisting of the 
tendons of the vasti the hgamentum posticum Wmslowii being a 
development of the semi membranosus and the internal and external 
lateral ligaments being detached tendons of the adductor magnus 
and peroneus longus respectively In the shoulder the coraco humeral 
ligament represents the upward extension of the pectorahs minor 
Ligaments may also develop from the sheaths of muscles eg the 
zlio femoral from the ihacus on the inner and the gluteus minimus on 
the outer side These specialized structures indicate exactly where 
strain may be expected and their integrity must be respected in 
reconstructne operations 

Component parts of joints — The articular ends of the long 
bones are formed of spongy bone which as the joint is approached 
becomes much denser and a thm plate is formed Over tins lies the 
articular cartilage hyaline with no pcnchondnum or covenng of 
synovial membrane The elasticity of this cartilage is of primary 
importance as a shock absorber and no other substance can replace 
it m this respect Tor this reason and also because it is a non 
expendable tissue i e one which is never fully replaced after injury 
the greatest care must be exercised to axoid damaging it in the con 
servative surgery of joints Such operations as that of hiikola on the 
shoulder or the elevation of the external articular surface of the 
femur to prevent outward dislocation of the patella ha\e this definite 
disadvantage 

Articular cartilage contains no blood vessels and no nerves its 
nutrition bemg supplied partly from the underlying voiscular bone 
but mainly from the synoxial fluid WTven a joint is injured cither 
a synovial fringe becomes tcmporanly attached to the lesion or a 

pannus grows in from the vascular penpheiy By this means 
repair bj fibrous tissue is achieved Early movement of the joint 
during the process destroys this delicate tissue it must be constantlj 
reformed and recover) is dela>cd Failure of. these temporary 
structures to disappear when they are no longer needed is a potent 
source of intra articular adhesions 
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Fibro cartUages may be intra or extra articular and may represent 
either the remains of a pnmitive division of the jomt or the \estiges 
of structures that have vanished dunng e\olution eg that of the 
stemo-clavicular joint Until recentl} it was thought that the> had 
no nerve supply but the contrarj has now been clearlj proved -uid 
sensory nerve endings can be shown microscopicalh m special 
preparations * 

“Hie synovial membrane Lnes the intenor of the joint with the 
exception of the articular cartilage and fibro cartilages It is com 
posed of vascular connective tissue and the sjnovial fluid produced 
from it IS a transudate and not a true secretion Until recent jcars 
it was considered a valuable non expendable structure but it has 
been shown both from animal experiments and by expenence in 
human surgery that it is completely re-fonned after surgical remov al 
When therefore it is pathologically thickened as in cases of arthntis 
its removal is indicated at the same time as other surgical methods 
to improve the mechanical factors of the joint The synovaal membrane 
IS extended into the interior of joints in the form of fnnges which 
may be much hypertrophied in certain arthntic conditions 
The synovial membrane its fringes and the capsule and ligaments 
of the joint are freely supplied with both vessels and nerves the 
latter being myelinated and the purveyors of pain and the propno* 
ceptive sensations of position The end organs arc mostly Pacinian 
corpuscles but in the ligaments there are structures analogous to the 
muscle spindles and neuro tendinous end organs found m the locomotor 
system The central control for this system lies m the cerebellum 
Mechanics of joints — In joints such as the sacro-iliac or symphysiv 
pubis very little movement is contemplated but the small range 
permitted is of primary importance The surfaces are irregular and 
the integnty of the joint depends on strong ligaments m which a 
certain amount of elastic tissue is incorporated These joints arc 
therefore shock absorbers and are most efficient during the period of 
active life They tend to become fixed by bony ankylosis when 
increasing age brings this period to an end The joints of the pchia 
are affected in the female by the considerations of partuntion It is 
well known among cow keepers that the time of calving can be 
predicted by palpation of the sacro iliac joints and the softening of 
their ligaments which facilitates birth In human beings the same 
process takes place during the last two months of pregnancy 
Dunng the puerpenum involution of the joints takes place pre- 
mature activ ity tending to produce laxity and consequent pain As 
with the uterus subinvolution is automatically cured by a further 
pregnancy with a more carefully managed puerpenum In chronic 
cases extra articular fixation will give a certain cure 
The stability of dnrthroses depends m such situations as the hip 
partlv on the cohesion of surfaces and the effect of atmosphenc 
pressure but m the looser joints these factors are negligible and stability 
depends on the specialized ligaments and above all on muscle tone 
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The lateral ligaments are so placed that the distance between their 
upper and lower attachments remains constant for all positions of the 
joint The importance of musde tone is greatest in the shoulder, 
where the necessity for free mobilitj has led to a diminution of the 
actual joint surface Its early restoration is highlj important m all 
reconstructive operations 

Movement of a joint is produced by leverage, and for this to be 
effective there must be adequate muscle-power and good muscle tone, 
a firm fulcrum and a not disproportionate weight In the shoulder 
the fulcrum la normally unstable, and m reconstructive operations 
the preservation of maximum length of the humerus is of paramount 
importance, as the power of the deltoid decreases with the shortening 
of its lever Where possible, as in the elbow or knee, removal of 
bone should take place maml> on the proximal side of the joint so 
as to avoid bony contact and pre^rve the levers It is also important 
that the efficiencj of flexors and extensors be evenlv balanced as 
inequality of potential leads to instability The familiar Trendelen- 
burg test illustrates well the principles of leverage It is not, of course, 
a pathognomonic sign of dislocation , it merely mdicates that the 
abductor muscles of the hip are inadequate, and it can be equally well 
elicited in some cases of poliomyelitis or infantile coxa vara. The 
integrity of the lever is at fault, cither through Joss of a stable fulcrum 
or through the weakening of controlling muscles by disease, or by the 
ipproxiraation of their origin and msertion 

The range of movement of diarthrodial joints is never checked bv 
bony apposition except the temporo-maxillary by meetmg of the 
teeth Even in the elbow, where the ulna might be supjxised to 
impinge on the olecranon and coronoid fossT, soft tissue is interposed 
and the impact is not on the cartilage In most cases limitation of 
range is controlled bv ligaments, as in the thigh by the opposition 
of soft parts or by muscle tension 

TYPES OF OPERATION 

Mobilization of joints by mampulation. — Although the knife is 
not used in this procedure, very definite skill is needed All ortho- 
pxdic surgeons are quite familiar with this method, but others have 
regarded the mobilization of joints as in the province of the “ bone- 
setter ’ The accusation that surgeons liave sometimes performed 
open operations on cases that could have been cured by mobilization 
IS as true as the statement that all “ bonesetters ' are frauds is untrue 
Certain "bonesetters undoubtedly have manipulative skill, but 
surgeons must in addition, be capable of differentiating between 
cases curable by manipulative surgerv and those which require open 
operation, and they must be able to carry out whichever method is 
indicated Tlie surgeon must be acquainted with the normal range 
of movement of the joints in all directions, and must not omit to test 
this on the unaffected side, as tlie range of certain joints, notably the 
wnst, differs considerably m different mdmduals The sensation of 
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rfi^stance due to dUferent causes— bonj anUIosis bonj block or 
adhesions — is acquired onlj bv practice as is dextenty in mobiliring 
a joint uith firmness and the minimum of ehort It is impossible here 
to detail all the tjpes of case suitable for mobilization , sufBce it to 
say that mobilization is contra indicated — 

(1) Where there is firm anhtlosis bony or fibrous 

(2) \\Tiere movement is limited bv the impmgement of one bonv 

mass on another so called ‘ bonj block 

(3) Where stiffness is due to the destruction of jomt surfaces 

(4) ^Vhere there has been severe sepsis aroimd the jomt 
Error can be avoided bj a careful consideration of present and past 
symptoms and of good skiagrams The most suitable cases for 
mobilization are those of periarticular extrasynovial adhesions of 
traumatic ongm An apparently complete range of movement does 
not exclude adhesions as these may be ruptured onlj on forcible 
movement to the extreme range possible under anesthesia Careful 
study of the mechanism of joints will show that many movements 
occur, such as the up and down movement of the humeral head on 
the glenoid and rotations m the knee, which are not under normal 
muscular control and it is these which are m imperative need of 
restoration b) manipulation All infective cases must be approached 
with the greatest caution and mobilization can onK be considered 
when lapse of tune and an exhaustive mvestigation have excluded 
even the famtest suspicion of latent sepsis 

General method — Full anaesthesia is required for complete 
relaxation Some surgeons mamtain that nitrous oxide is insufficient 
and this is true for the spine hip and shoulder but when properlj 
admmistered it suffices for other jomts as a period of relaxation 
always occurs and can easily be noted with expenence The pre 
administration of basal anesthetics such as avertm or nembutal is 
contra indicated as they seem to make it much more difficult to obtam 
muscular relaxation by subsequent inhalation aniesthesia Injections 
of evipan for simple cases and of jjentofbal for longer manipulations 
have proved ideal Adjacent bones susceptible to fracture must be 
protected durmg the operation by spimts such as two metal gutters 
or a piece of Gooch splinting firmly bandaged on The vanous 
movements of the joint are performed senatim with steadily apphed 
force and m most cases to the full degree no jerkj movements are 
permissible tVliere however the adhesions are very firm the 
trauma of a complete mobilization may be too severe and the operation 
can then be done in two or more stages 

After the operation if few adhesions have been ruptured massage 
faradism and exercises are employed as soon as the patient has 
recovered consciousness if there has been extensive tmuma it la 
better to bandage the joint firinlv and evenly over a thick pad of 
wool for twenty four hours before further treatment is commenced 
No splmt IS required Pam after the operation is unusual if the 
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manipulation has been complete, and in any case should be of short 
duration, and range of movement dionld be maintained or increased 
Prolonged pain and diminishing ran^ are indications for rest All 
active movements are encouraged, and assisted actne movement 
of the joint should be earned out tiirough the full range dailj The 
pain felt dunng the earlj days of treatment is soothed by massage, 
heat, and sedative electnciU (anodal galvanism) G} mnastic exercises 
will complete the cure ]Por the hip and shoulder, an assistant is 
required to steady the peh is and scapula respectively, and the move- 
ments of h> perextension and rotation must not be neglected In 
treating the knee, flexion must be full, as it frequently happens that , 
only at this point are adhesions ruptured and the movements of 
internal and external rotation must be remembered The temptation 
to mobiliae obstinately stiff fingera is great but experience teaches 
that, while small degrees of disabditj are well treated bj this method, 
fingers whose mobility is senouslj limited arc mtolerant of force, and 
require gradual methods 

Aspiration of a joint may be employed for one of two purposes 
(a) Diagnostic — Where a jomt is distended with fluid and there are 
signs, local and general, of mfiammation, the insertion of a large bore 
needle into the jomt cavity, with full aseptic precautions, and the 
removal with a Record synnge of fluid for bacteriological and cjto 
logical examination is of great value (6) Therapeutic — After severe 
manipulations and after operations performed ivith a tourniquet where 
the bandage has been inadequately applied or prematurely removed, a 
heemarthrosis may occur Early aspiration of the blood while still 
fluid, followed by careful rebandagmg, will hasten recovery and 
prevent adhesions In extremely low grade infections, repeated 
aspiration may avoid arthrotomy Imgation may be performed by 
this method but the fluid must be normal siJme or a non irritant 
antiseptic , the introduction of strong antiseptics into a joint is 
useless or worse The sites for aspiration are in general similar to 
those for arthrotomy , 

Arthrotomy consists m the exposure and opening of a jomt, and 
may be either an operation in itself or the prehminary to further 
measures 

Erasion —The joint is opened diseased symovnal membrane dis 
sected aw ay and foci of disease in the bones curetted This operation 
w as formerly practised for tuberculosis but has become almost obsolete, 
as conservative measures produce at least equally good results Many 
surgeons now perform a similar operation m arthritis deformans, 
with beneficial results It has been found that very free synov- 
ectomy is permissible, as the membrane is re-formed These 
operations are therefore tending to become more and more extensive 

Excision— In excision the whole joint is resected, without any 
effort to reconstruct it Tor tuberculosis every stage between the 
simplest erasion and an extensive resection lias been performed, but 
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these operations will now be required but rarely Each case must 
be judged on its ments, but some mdication w ill be gu en later for the 
treatment of individual joints Opmions differ on the \ alue of pnmarj 
excision for mjur^ The emergency surgeon is concerned only with 
the saving of life or lunb, and must provide drainage and arrest sepsis 
at all costs The reconstructive surgeon, on the other hand, while 
deplormg any unnecessary sacrifice of bone, is not justified m cnticizmg 
ad\ersely what have often been operations of necessity 

Arfhroplastj. — This is essentially an artificial pseudarthrosis, the 
shape of the jomt surfaces being reconstructed and an attempt 
’made to produce a bursal substitute for the original joint cavity 
Several methods are described later, but the ingenuity of the individual 
surgeon must be allowed full play Certam. conditions are essential 
to success — 

1 The remoial of exactly the right amount of hone — This is still a 
matter of controversy, but error is usually on the side of removing 
too httle 

2 The pretention of subsequent callus fortnaiton from the cut ends 
With this object in view the raw surfaces should be filed smooth and 
hammered fiat Horeley s wax was advocated b\ Sir Harold Stiles 
and in his hands was successful, but the method has proved less 
satisfactory than the Interposition of fasaa, and is rarelv used now 

8 The interposition of a flap of fascia — 5Iost surgeons employ a 
flap from the subcutaneous tissue in the v^cmlty or from the fascia 
lata of the thigh Experience has shown that no advantage is gamed 
by the retention of a vascular pedicle Both the opposing surfaces 
may be thus covered, but one layer is usually sufficient Accurate 
apposition IS obtained by the use of mterrupted catgut sutures, or a 
purse string suture* may be used to fix the fascia as a bag over the 
bone-end 

4 Great attention should be paid to hanwstasis, and no drainage 
should be used 

5 A true mental picture of the condition of the new joint w lU giude 
the after treatment AH forced movements will obvuously nsk the 
destruction of the protective bamer, and the tendency w ith ^ surgeons 
now IS to delay movement longer and longer No passive movement 
should be used at any time Ten days alter the operation the stitches 
are removed and the patient ashed to move the jomt (with a large 
jomt the weight of the limb must be supported by the surgeon) If 
there is voluntary movement, however slight, the prognosis is good, 
the jomt should be immobilized for a further two weeks at least, and 
the muscles then re-educated, without overstretchmg, on ordmary 
orthopJEdic prmciples 

Arthrodesis.— This opeiaUon has for its object the aboUtion of 
movement m a jomt, and may be performed by intra- or extra articular 
methods or by a combmation of the two In the former case the 
surgeon aims at obliteratmg the jomt cavuty and substitutmg firm 
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union between the joint surfaces. A\Tiere the bone-ends are relatively 
undamaged, nothing more is needed than the removal of cartilage and 
the apposition of the surfaces ; but if much bone has been lost, more 
elaborate measures will be required. In the latter he constructs, by 
grafting, a bridge of bone uniting the contiguous bones around the 
joint. Fixation is indicated where a joint has ceased to be under 
muscular control, either through incurable paralysis of the muscles 
or extensive loss of bone, and in certain cases of arthritis where pain 
is intolerable and uncontrollable by other means. 

Ankylosis was divided by Thomas into ufisoufid, where disease is 
active and deformity progressive, and sound, where the reverse is the 
case. Unsound an^losis calls for fixation. Sound ankylosis, if in 
bad position, calls for operation ; if it is in good position, operation 
is only indicated if a mobile joint is necessary or desirable. 

The best position for ankylosis is that in which all diseased joints 
should be treated, and which will produce the most useful limb should 
ankylosis result, as follows : — 

Shoulder . — abduction {the 5 -ounger the patient the greater 
the angle, as the scapula is potentially more mobile), and 20* flexion in 
front of the coronal plane, the latter angle facilitating the movement 
of the scapula round the chest-wall. 

Elbow . — The requirements of the patient must be considered. In 
most cases 90* will be convenient. If both elbows are ankjdosed, the 
right should be more and the left less than a right angle, the left being 
required to cany food to the mouth with a fork and the right to cut 
up the food. 

Midway between pronation and supination. 

Wrist . — ^Dorsiflexion to a moderate degree is essential to the preserva- 
tion of an efficient grip. 

Hip . — Slight abduction and external rotation. Some surgeons advise 
full extension, and this is certainl)' advisable when there is any doubt 
of the permanency of the ankylosis. It must be noted, however, that 
when ankylosis is fixed and pennanent, flexion to 80* gives a better 
gait and perinits the patient to sit with more comfort. The consequent 
lordosis is amply compensated by these advantages. 

Knee . — Full extension. Many surgeons advocate 135°, as rendering 
stairs more easy, but the same objections arise as in the hip when 
there is doubt of the solidity of the ankylosis. 

Ankle . — Experience shows that 5° of dorsiflexion is better than a 
right angle, though the latter is advocated by some surgeons. 

OPERATIONS IN VARIOUS CONDITIONS 

Penetrating wounds of joints. — The following is a brief s}-nopsis 
of tlje lines of treatment based on tlie directions of the late Sir Henry 
Gray to Casualty Clearing Stations in the War of 1014-18. 

1. Where it is doubtful whether there has been actual penetration- 
of the synovial membranes, the joint should be immobilized and an 
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these operations \m 11 now be required but rarelj Each case must 
be judged on its ments but some mduation w ill be gn en later for the 
treatment of individual joints Opmions differ on the \ alue of pnmar} 
excision for mjur) The emergency surgeon is concerned onlj with 
the saving of life or lunb and must provide drainage and arrest sepsis 
at all costs The reconstructne su^eon on the other hand while 
deplonng any unnecessary sacrifice of bone is not justified in cnticizing 
ad\ersely what have often been operations of necessity 

Arthroplasty This is essentially an artificial pseudarthrosis the 
shape of the joint surfaces being xeconstructed and an attempt 
made to produce a bursal substitute for the onginal joint ca\it> 
Several methods are descnbed later but the ingenuitj of the individual 
surgeon must be allowed full play Certain conditions are essential 
to success — 

1 The removal of exactly the nght amount of bone — This is still a 
matter of contro\ersy but error is usually on the side of removing 
too little 

2 The preieniioH of subsequent callus formation from the cut ends^ 
With this object m view the raw surfaces should be filed smooth and 
hammered flat Horsley s wax was advocated b\ Sir Harold Stiles 
and in his hands was successful but the method has proved less 
satisfactorj than the interposition of fascia and is rarely u&ed now 

8 The interposition of a flap of fascta -—Most suigeons employ a 
flap from the subcutaneous tissue m tbe vicinity or from the fascia 
lata of the thigh Experience has shown that no advantage is gamed 
by the retention of a v’ascular pedicle Both the opposing surfaces 
may be thus covered but one layer is usually sufficient Accurate 
apposition IS obtamed by the use of mterrupted catgut sutures or a 
purse string suture’ may be used to fix the fascia as a bag ov er the 
bone-end 

4 Great attention should be paid to haamstasis and no drainage 
should be used 

5 A true mental picture of the condition of the new joint w ill guide 
the after treatment All forced movements will obviously nsk the 
destruction of the protective bamer and the tendency with all surgeons 
now IS to delay movement longer and longer Jvo passive movement 
should be used at any time Ten days after the operation the stitches 
are removed and the patient asked to move the joint {with a large 
jomt the weight of the limb must be supported by the surgeon) If 
there is voluntary movement however slight the prognosis is good 
the jomt should be immobilized for a further two weeks at least and 
the muscles then re-educated without overstretching on ordmary 
orthopa:dic principles 

Arthrodesis —This operation has for its object the abohtion of 
movement in a jomt and may be performed by mtra or extra articular 
methods or by a combmation of the two In the former case the 
surgeon aims at obliterating the joint cavity and subsUtutmg firm 
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union between the joint surfaces Where the bone ends are relativel)' 
undamaged, nothing more is needed than the removal of cartilage and 
the apposition of the surfaces , but if much bone has been lost, more 
elaborate measures w ill be requured In the latter he constructs hy 
grafting, a bridge of bone uniting the contiguous bones around the 
joint Fixation is indicated where a joint has ceased to be under 
muscular control, either through mcurable paralysis of the muscles 
or extensive loss of bone and in certain cases of arthntis uhere pain 
IS intolerable and uncontrollable by other means 
Ankylosis was divided by Thomas into unsowid where disease is 
active and deformity progr^sive, and sound, where the reverse is the 
case Unsound ankylosis calls for fixation Sound ankylosis, if in 
bad position calls for operation , if it is m good position, operation 
IS only indicated if a mobile joint is necessary or desirable 
The test position for ankylosis is that m which all diseased joints 
should be treated, and which wiU produce the most useful hmb should 
ankylosis result as follows — 

Shoulder — 45^-90° abduction (the jounger the patient the greater 
the angle as the scapula is potentiallj more mobile) and 20° flexion in 
front of the coronal plane the latter angle facilitating the movement 
of the scapula round the chest wall 
Elbow — The requirements of the patient must be considered In 
most cases 90° will be convenient If both elbows are ankylosed, the 
right should be more and the left less than a nght angle, the left being 
required to cany food to the mouth with a fork and the nght to cut 
up the food 

Forearm — Slidwa} between pronation and supination 
Wr\st — ^Dorsiflexion to a moderate degree is essential to the preserva- 
tion of an efficient grip 

jiip — Sbght abduction and external rotation Some surgeons advise 
full extension, and this is certainlj advisable when there is any doubt 
of the permanenej of the ankj losis It must be noted, however, that 
when ank} losis is fixed and pemianent, flexion to 30° gives a better 
gait and permits the patient to sit with more comfort The consequent 
lordosis is amply compensated by these advantages 
Knee — ^Full extension Many surgeons advocate 135°, as rendenng 
stairs more eas> , but the same objections arise as m the hip when 
there is doubt of the sohdit) of the ankylosis 
Ankle — ^Expenence shows that 5° of dorsillexion is better than a 
right angle, though the latter is advocated by some surgeons 

OPERATIONS IN VARIOUS CONDITIONS 

Penetriiting wounds of joints. — The following is a bnef synopsis 
of the lines of treatment based on the directions of the late Sir Henr> 
Gray to Casualty Clearing Stations in the War of 1914-18 
. 3 Where it is doubtful whether there has been actual penetration- 

of the sj novial membranes, the jomt should be immobilized and an 
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expectant attitude adopted An> effusion is aspirated and the fluid 
tested bactenologicallj If organisms are found the w ound should be 
excised and the joint \\ashed out with a warm non irritating antiseptic 
and drained for twent> four hours Simple hamarthrosis is best 
treated bj incision la\ age wuth salme solution and immediate suture 
as b\ this means subsequent adhesions maj belargelj avoided 

2 Where penetration IS certam the wound track should be cauter 
ized in Its external part and at once carefull> excised m one piece the 
edges of skin muscle capsule and bone bemg freelj remov ed together 
with the foreign bodj if present and the jomt washed out with salme 
or flavine The capsule is sutured and a dram reaching doun to this 
pomt left m the wound for a few dajs the jomt bemg immobilized 
until all danger is past 

3 Extensive comminution of bone will necessitate the removal of 
loose fragments and free drainage no more bone bemg remov ed than 
js necessarj If hfg is m danger no hesitation should be felt m openmg 
the jomt freelj or excising it and employ mg contmuous irrigation as 
bv this means amputation maj frequently be avoided 

Operations for tuberculosis — ^The comparative frequencv of 
excision and erasion for this disease m tunes past was due not so much 
to lack of knowledge of the value of conservative surgery as to lack of 
efhcient institutions m which this could be earned out and operation 
was done as a pts alter 

In most parts of the Bntish Isles there is now good provision for the 
treatment of tuberculous children and no child should be subjected to 
excision of a jomt except m the rarest circumstances Provision for 
adults is however deficient and considerations of time and occupation 
may still indicate radical operation especially m the knee jomt 

It must be understood that this refers to tuberculosis of the jomts 
themselves para articular tuberculosis being still an indication for 
operation 

Even when operation is performed careful after treatment by diet 
climate and heliotherapy is stiff strongly mdicated * 

Thus m children intra articular operations are entirely contn 
indicated owing both to the nsk of impedmg growth by interference 
with the epiphyses and to the excellent results of conservative treat 
ment Operative extra articular fixation though permissible in 
children is better suited to adults ^\^lere conservative measures 
have failed or there is extensive destruction of the jomt multiple 
smuses and actual or impending amyloid disease amputation is far 
better than excision especially m the lower limb 

Operations for arthnhs defonnans — ^Slore and more are the 
various diseases loosely grouped under this name coming withm the 
range of surgical methods Jomts thus affected have a very lovv 
resistance to outside mfection and the greatest aseptic care is needed 
m operating op them It is obvious that much attention should be 

• Sm Coii$CTvaUwTie*tiiwnt fa Surgical Tttberenbri* " p. ^8 
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paid to eradication of the toxic cause and to arrest of the progress of 
the disease before any reconstructive methods are employ ed 

Operative treatment is still m the experimental «!tage. but the foUo^\ - 
mg procedures are well worthy of tnal 

1 Simple arthrotoray. with evacuation of fluid and the admission 
of air into the jomt Aspiration with the injection of oxjgen is an 
alternative 

2 Arthrotomy and free lavage of the joint with ether 

These. two methods are most successful m arthntis of intestinal 
ongin, whether typhoid, dysentery, or bacillus coli 

3 Free opening of the jomt with removal of hypertrophied villi, 
thickened synovial membrane, loose bodies and obstructing osteo- 
phytes This IS an old method but it has been revived after a period 
of oblivion, and promises to give good results Very free incision and 
access to the joint are essential Even m cases scefi before the disease 
has progressed far, but where the symptoms or skiagrams show that 
some one object is impeding function, a simple operation for its 
removal is justifiable, as by improving the function of the joint the 
cure IS assisted 

For these operations the selection of suitable cases is essential, as 
no good result is possible without the co operation of the patient, who 
■must be prepared to persevere with an after-treatment that is often 
painful 

4 Arthrodesis is indicated where milder methods have failed and 
pam IS severe, due attention being paid to the age of the patient 

5 Excision is often advantageous in younger patients with severe 
disease but arthroplasty w lU undoubtedly prove to be the ideal method 
when technique has been perfected It is especially suited to atrophic 
cases, where there is less tendency to ankj losis, as the bone-ends are 
hard and sclerotic and there is less osteogenesis 

OPERATIONS ON INDIVIDUAL JOINTS 
Temporo maxillar\ Joivt 

Operation on this jomt is occasionally indicated in cases of mability 
to open the mouth, due, it miy be, to dislocation of the condyle or of 
the mterarticular fibro-cartilage, or to arthritis In dislocation, 
attempts will have been made to reduce it by manipulation , these 
may fail, and it will then be necessary to perform an open operation 
for reduction In arthntic cases, where possible, excision of the 
condyle is to be preferred to Esmarch's operation on the horizontal 
ramus, but excision may be inadvisable ow mg to cicatrices 

Technique. — An incision is made, 1 m m length, either horizontally 
along the lower border of the zygoma on a level with the tragus, or 
preferablv mchning upwards and forwards from that process (Iig 81 ) 

The temporal branches of the faaal nerve, which run parallel with 
the latter incision, are drawn to either side, and the parotid gland 
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downwards and backwards The inasseter fibres are separated from 
the z>goma w ith an elevator, the capsule exposed and a \ ertical incision 
made into the joint A displaced fibro-cartilage is either sutured into 
place or remo\ ed The condyle if dislocated is either le^ ered back 
into position or cut off wnth bone forceps or a Gigh <;aw \\'here there 
IS partial or total anl^losis from arthritis the joint is mobilized wnth 
an elevator or gou^e the external pterygoid insertion di\ ided and the 
condyle le\ ered out and cut off the fibre cartilage being le/t behind 
if possible and the penosteum removed with the bone In, cases of 
actual bony ankylosis with total destruction of the joint there ma> be 
no sign of the condyle It is then necessary to excise enough bone 
to allow the easy introduction of the tip of the forefinger If this 



removal does not permit full movement the same operation will be 
required on the opposite side and must-be earned out at the same 
sitting 

After-treatment consists in early movement and probablv, forcible 
movement under gas on t\\o or three occasions Arthroplastj has 
httle advantage over simple excision as the residual fixity is largely 
due to pen articular structures 

A transient facial palsy is not uncommon after the operation 

Sterxo clavicllar Joint 

Excision.— Tuberculosis of this jomt, which is not uncommon calk, 
for early excision ow mg to the difficulty of conserv ativ e treatment and 
the risk of extension of the disease to neck or thorax once the limits 
of the joint are passed The operation is simple the end of the clavncle 
and all diseased tissue being removed 

pLxity of this jomt is more disabling than is commonlj recognized 
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the mobility of the shoulder girdle being much impaired, and excision 
IS indicated as soon as recrudescence of sepsis is no longer to be feared 
Unreduced dislocation may (rarely) call for excision i\hen important 
structures are compressed by the displaced end of the clavicle 

Acrojijo-clamcdlar Joint 

This joint IS occasionally the seat of unreduced dislocation and 
arthritis, frequently of traumatic origin Excision of the joint and 
wiring of the surfaces together has been performed but the results are 
not encouraging The condition is rarely very disabling, and is best 
treated by palliative methods In the reconstructive surgery of both 
tins and the preceding joint, fascia lata sutures passed through the 
bones have proved most valuable 

Tuc Shoulder 

Arlhrotomy. — Simple arthrotomy is best performed by an anterior 
incision similar to that described below for excision 
Indications (1) Injccint purulent arihrilis — \ counter incision 
should be made either behind, below the lower fibres of the deltoid, or, 
as suggested by Burghard at the apex of the axilla, w ith the arm draw n 
upw aids above the head A pair of forceps should be passed across the 
joint, and the incision made downwards upon their pomts in order to 
obviate injury to neighbouring structures 

(2) Loose bodies in the pint — ^The removal of these is facilitated by 
rotating the humerus inwards and outwards and applying pressure in 
the axilla in order to bring the bodies to the surface 

(8) Laia§e of the pint With. flavine, ether, etc (sc« p 116) 

(4) Irreducible displacement of the upper humeral epiphysis 
Excision. Indications — (1) Tuberculosis, where conservative treat* 
ment is unsuccessful 

(2) Destructive infectne arthniis and epiphysitis, where simple 
dramage is unsuccessful 

(8) 6ims/io/ and other compound fractures and dislocations with e\- 
tensue destruction The objects are the removal of loose pieces of 
bone and drainage 

(4) 5011^? casw <ri eridslaadiiis err<s.d,Yceht\f rftuibwa'.w Open e>peira^ 
tion should be undertaken for dislocation (a) w here there is a co existing 
fracture of the humerus the dislocation being reduced and the fracture 
then treated by ordinary methods , (6) where previous attempts at 
reduction have failed, or an interval of slx weeks has elapsed since the 
injury The antenor incision is used and, where possible, the head is 
replaced, a very determined effort being made to accomplish this before 
performing excision Tough adhesions and thickened capsule may need 
division, and the muscles attadieU to the tuberosities may obstruct 
reduction In the latter case the tuberosities should bo chiselled off 
with their attached muscles, and replaced and pegged m position after 
reduction has been effected If reduction be impossible, excision or 
arthroplasty is indicated 
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(5) Tumours of the head of the humerus e g myeloma 
Choice of operation — ‘iTiree \anehes of operation are recognized 
£ltmd flap incision (6) by a posterior incision (c) by a 

{a) By anterior tnctston —This is by far the most usual and useful 
The patient hes on his back with the arm slightly abducted the surgeon 
standing on the outer side of the affected shoulder An incision is made 
along the antenor edge of the deltoid beginning just below the coracoid 
process and extending 6 in down the arm (Fig 32) The mterval 
between deltoid and pettoiabs major is then opened up the cephalic 



vem being retracted \\ ith the pectoialis A branch of the \ ein w ill need 
ligature at this stage The two musdes ace widely retracted acid the 
bicipital groo\ e w ill then be seen m the bottom of the w ound when the 
arm is rotated outw ards The long tendon of the biceps is lifted up 
cleaned of tuberculous or other mfectii e matter and carefuUj presen ed 
and the capsule opened denvn to its lowest limits along the line of the 
groo\ e The arm is then rotated inwards and the muscles attached to 
the greater tuberosity are carefully detached w ith a sharp cun ed pen 
osteal ele\ator The arm is now rotated outwards and the subscapu 
lana detached from the Ies»er tuberchatj in the same waj Tlie bone 
IS di\uded either in stlu w ith a Gigli saw or preferabl> after dislocating 
the head of the humerus through the wound Although the former 
procedure disturbs the parts less the latter gn es better access to the 
jomt and enables the bone to be cut more accurately Dislocation is 
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effected by forcing the elbow upwards and backwards the soft tissues 
being well retracted and protected during the process Lane s elevators 
are very useful for this purpose The amount of bone removed will 
%ary frequently the line of s^tion will pass through tlie anatomical 
neck or the tuberosities m the case of tuberculosis other foci bemg 
removed with a gouge from the remainder of the humerus and the 
scapular surfaces and all other mfected tissue dissected aw ay It must 
be remembered that in no case must more bone be removed than is 
necessary for the purpose m hand An evcision is intended for the cure 
of disease and reconstructive surgery is better left to a second opera 
tion the success of which will depend greatly on the retention of the 
maximum amount of bone The sharp mner margin of the divided 
humerus should alw ays be carefully bevelled to avoid injurious pressure 
on the axillary contents Should it be found necessary to remove so 
much bone tliat there is no prospect of retaming a sound joint the 
further proceedings should be those of arthrodesis (p 122) unless it is 
proposed to replace the loss by a bone graft (p 278) The capsule and 
muscles are umted by catgut sutures and the wound closed 

The opinions of surgeons differ on the question of drainage If mucli 
oozmg be anticipated it is w ell to dram by a postenor stab but drainage 
IS best avoided 

ih) By posterior uictsiow — In this method which was devised by 
Kocher, the incision passes from 
the acromio clavicular joint backwards 
over the shoulder to the postenor 
axdlaiy fold The acromio clavicular 
joint is opened and the base of the 
acromion divided and turned forwards 
with the deltoid Very good exposure 
and results are claimed for this method 
especially in tuberculosis which is hkelj 
to affect the postenor part of the joint 
but it has been little used m this 
country 

(c) By deltoid flap — In this operation 
a transverse incision is made across the 
top of the shoulder The deltoid fibres 
are m part detached from their ongm 
and in part divided and the muscle 
turned downwards This gives an ex 
cellent exposure and is chiefly apphe 
able to cases of arthrodesis for infantile 



Exposure of shoulder /omt 
t>7 deltoid flap 


paralysis where no subsequent action 
of the deltoid IS required (Fig S3) 

In other cases the muscle is re-sutured 
with No 8 chromic catgut and the arm kept m full abduction dunng 
convalescence 

After-treatment — ^The limb is put up either on an abduction ‘:plmt 
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or, preferably, in plaster in the position of ankylosis The application 
of plaster IS much facilitated by performing the operation on a Hadley’s 
table (Fig 34 ) To apply the plaster is not easy, but when properly 
done it is far the best method, and on the correctness of the applica- 
tion most of the results of the operation depend The chest and arm 
are en\ eloped m flannel or wool, and felt pads are bandaged in position, 
over the iliac crest and the root of the neck on the affected side, and 
under the opposite axiUa (Fig 35 ) Three or four plaster bandages 
then cover in the arm and thorax, reaching well dorvn to the hip 
Next, three plaster bandages are unrolled and made mto stnps 18 in in 



Fig — Hswlej s table for use in operations on shoulder and hip where plaster 

will be applied 


The table is sheim with lt'« movable portico lo««»e<l leavug the pHvie rest in poatioo, with pEowt attach 
nest (or slui^ Tbe inovable ban serve for eztms on 1* required 


length these are applied ot er the hip, across the shoulder, and around 
the axilla from chest to arm More bandages are apphed until the cast 
IS sufficiently thick A thin strip of metal is bent and apphed so as to 
pass from mid-forearm along the arm to the axiha, down the chest to 
the hip, and up across the inteix emng space to the elbow , and fixed wn th 
an additional plaster bandage It is well to use bandages 8 m wide 
for the chest, and G in for the arm ^\'hen set. the plaster is cut awaj 
so as to free the abdomen, a vfidth of onlj 5 in (in adults) being left 
under the opposite axilla (Fig 36) tVimfows are cut over the wound 
or wounds If drainage bas been emplQ>ed the dram is remo\ed m 
fort\ -eight hours If a splint bas been used it should be replaced by 
plaster m ten da>s . if plaster, a new plaster will usually be required 
at this time, as that apphed at the time of operation will have become 
stained and odoriferous 
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Fig 3 S — Appl cation of plaster to shoulder m abduction 
Tint sla(:« showing covering sod fell pids in poiil on 


If ankylosis is desired immobilization must be maintained for three 
months the upper part of the phster over the aim and forearm (Fig 
88 a) being removed after three weeks for the purpose of faradism and 
missage to the muscles If movement is desired the plaster is removed 
from the shoulder in addition after three weeks (Tig 8G b) theappliance 




122 


OPERATIONS ON JOINTS 

being kept m place by the substitution of a stnp of padded nebbing 
over the shoulder From this time onwards faradosm is applied to the 
deltoid, and the patient encouraged to lift the arm from the splint 
aided at first by the masseuse \Vhen he can do this nith ease and 
strength, it is well to remove the plaster and sling a large soft pillow 
between arm and chest while treatment is continued, a smaller pillow 
being used as the range of abduction power increases 

Arthroplastj. Indications — ^Tfais operation is of limited scope, 
as (1) ivith a strongly mobile scapula a fixed shoulder is compatible ivifli 
good function (2) the deltoid, owing to its short leverage and range 
of contraction cannot act adequately if much bone is lost In suitable 
cases this latter defect may be remedied by replacmg the lost humeral 
head by the head of the fibula (Elmsbe), or by a mallet-shaped graft 
from the tibia (Platt) grafted on the stump of the humerus It will 
be ob\nous therefore that the essentials for this operation are (a) a 
deltoid at least potentially strong, (6) an adequate lever Granted these 
essentials the chief indications are (i) ankylosis m bad position (ii) a 
small degree of pamful movement (m) ankylosis of the shoulder with 
fixation of the scapula by scar or othennse (iv) certain cases of un 
reduced dislocation 

Technique — ^The incision is sunilar to that for excision, but is 
extended upwards to curve over the acromion The skin flap thus 
formed is dissected back and a flap of subcutaneous tissue turned 
down from over the deltoid The bone is exposed as for excision, 
and the joint then mobilized partly with an arthrodesis gouge and 
partly by forced movement, until the head is made to emerge from 
the wound The glenoid and under-surface of the acromion are freed 
from scar and new bone until the socket is reconstructed The head 
of the humerus is shaped with a gouge, suffiaent bone being remoi ed 
to leave a gap of k in w hen the head is replaced The raw bone is 
smoothed w itb a file and hammered with a m^et. the fatty flap turned 
in, and the wound closed without dramage The after-treatment 
IS as for excision when movement is desired 


Arthrodesis. Indications —Flail shoulder or uremediaWe deltoid 
paralysis where the muscles controUir^ the scapula are good and the 
rest of tlie limb gives promise of useful function, the nature of the task 
before the surgeon depending on the presence or otherw ise of the head 
of the humerus The mentaWe loss of rotation at the shoulder should 
be remembered as some patients may feel that this outweighs the 


advantages of fixation 

fn) In infantile paralysis the head is present, and no more is needed 
than the remov al of the opposing cartilaginous surfaces and of synovial 
membrane It is often well to “ mushroom " the end of the humerus 
m order to increase the area of bony contact The antenor incision 
mav be used, but a deltoid flap is quite permissible, the long tendon 
of the biceps being carefully preserved '^e aiter trwtm«wt is as for 
excision when movement is not desired This operation should not 
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be done on children under ten, as the head of the humenii is not 
sufficiently bony until that age is reached 

{b) Where the head of the humerus is incomplete or absent, arthro- 
desis IS more difficult Various methods have been described, but the 
following operation will be found to succeed in the vast majority of 
cases The anterior incision excises any pre-existing scar, and is 
extended upwards over the acromio clavicular joint and along the 
acromion to its base The upper end of the humerus is freed and 
protruded from the wound and every particle of scar tissue is removed 
from the space between the humerus glenoid and acromion Man) 
small vessels w ill spout at this stage but they can usually be ignored 
until the removal of scar tissue is completed A thin slice is removed 
from the under surface of the acromion so as to expose bone, and 
the glenoid is hollowed out with a gouge to a depth of | in Sufficient 
of the end of the humerus is removed to expose medulla The neck of 
the acromion is then partially cut, and the end bent downwards with 
lion forceps On placing the end of the humerus in the prepared 
glenoid in the position of ankylosis, it "will be seen that the acromion 
can be made to he flat on the humerus. At this spot the medulla of 
the humerus must then be exposed with a chisel and the bony surfaces 
fixed together wth a bone peg The wound is closed without drainage 
and the plaster applied 

Operation for recurrent dislocation. — By this term is meant 
a repeated dislocation of the shoulder without trauma, often in the 
course of some simple movement It frequently follows an initial 
traumatic dislocation, w ith or without fracture of the glenoid rim 
and is also apt to be associated with epilepsy Some surgeons consider 
the latter a contra indication to operation but the operations to be 
described have frequently been performed with success on epileptics 
In the past even arthrodesis has been done for this condition, but the 
usual course has been to endeavour to increase the stability of the joint 
by plication of the capsule 

This has often succeeded, but has been entirely superseded by one 
or other of the three operations to be described The majority of 
dislocations take place primarily downwards through the weakest 
part of the capsule, and m such cases Clairmont's operation is indicated 
Bankart, however, maintains that the initial dislocating force comes 
from behind, and that the capsule is tom from the glenoid ligament 
anteriorly, allowing the humeral head to escape A good history 
of the case will indicate which of these has occurred, and if need be. a 
dislocation can be produced at the time of operation and a decision 
then made 

Clairmont’s operation Technique — Tlic patient lies on the back 
with a sand bag under the scapula of the affected side, and the 
arm by the side An anterior incision is made and the deltoid and 
pectoral are separated The subscapulans tendon is cleaned, and 
the insertion of the pcctoralis major dinded for a sliort distance from 
Its upper edge Tlie arm is then brought across the chest, and a 
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second incision made parallel nith. and I in antenor to the postenor 

rfgeoftheddtoidthroughthelmvertivo thirdsofitsextent (Fie 87) 

Ihe edge of the muscle is defined dou-n to its insertion and a tapenng 
strip 1 in Mide at its mid part, is separated from the remainder and 
dissected upnards It is essential to sepaiate the stnp from its 
insertion with an elevator to obtain the maximum length As the 
strip IS raised, its nerve and blood supply « ill be seen entenng the under 
surface and must be carefully preserved The long head of the triceps 



and the tendon of the latissunus dorsi are located and with a finger m 
each incision the quadnlateral space is so opened up as to allow the 
stnp to be draw n through from back to front (Fig 88 ) The posterior 
\sound IS then closed The apex of the stnp is sewn either to the edge 
of the deltoid m front or preferably to the subscapulans tendon w ith 
strong catgut (Jso 3 chromic) The antenor muscles are re apposed 
and the wound closed No drainage is needed the arm being merel> 
bandaged to the side w ith a pad in the axilla and the forearm supported 
by a sling Free moxement of the elbow is allowed from the first but 
no mo\ emen t of the shoulder is permitted for three w eeks A t the end 
of this period flexion and extension are practised dailj but no 
abduction or external rotation is allow ed until six w eeks ha\ e elapsed 
This operation is suited to cases in which the dislocation is pnnianJ> 
dowmwards the rationale bemg that the detached strip acts simulta- 
neously with the deltoid and slings the neck of the humerus upwards 
Some surgeons however, mamtam that the stnp acts merely as a pad 
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Bankart s operation — TI;e anterior incision described abo\ e is carried 
up to the chvicle Tlie coracoid process is exposed divided with 
an osteotome or bone forceps and turned down with its muscles 
attached The subscapularis tendon is divided The lesion is then 
in full vnew and the rent can be repaired with interrupted sutures of 
strong catgut or silkworm gut The glenoid lies it a great depth 
from the surface and fully curved needles will be needed The sub 
scapularis and the coracoid process are then replaced and sutured 



F g 38 — Operat on lor recurrent d slocat on o£ shoulder — 
poster or nc s on Flap >n pos t on 

Nikola s operation — The joint is cxjioscd by tlie anterior route 
the long tendon of the biceps cleared and the capsule opened longi 
tudinally with the trans\crse humeral ligament The tendon is 
divided one inch below the groove and drawn upwards out of it A 
dnlJ hole is made from the loivcr limit of the groo\e upwards through 
the bone to emerge near the centre of the humeral head The tendon 
IS drawn dowTiwards through the canal and resutured to the muscle 
An intra articular hgiment is then formed The ineiitiblc injury to 
articular cartilage m the operation constitutes a serious objection 
to its use 

Fairbank s operation — Indication Neglected cases of birth paralysis 
with fixed internal rotation of the shoulder 

Technique — An anterior incision is made as for excision the joint 
IS opened and the sifbscapulans tendon and coraco humeral ligament 
arednided • Occasional!} the supraspinatus may need di\ision The 
wound IS closed and the arm m abduction and external rotation 
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\uth plater The penod of fixation will vary according to the decree 
of paralysis Care must be taken that the shoulder does not become 
hxed in abduction In most cases movement and re-education should 
be commenced in three \veeks from the operation, although the arm 
must be kept on a plaster splint for a further period before voluntarv 
control IS obtained ^ 


The Elbow 

Arthrotomy.— A simple incision for dramage, removal of loose 
bodies, ether lavage, etc., is best made external to the olecranon 
through the tnceps expansion and anconeus A counter incision may 
be made on the inner side by passmg forceps through the joint and 
making a careful dissection down upon the points, thus avoiding injury 
to the ulnar nerve 

Excision. Indications — (I) Certam compound comminuted frac- 
tures, the minimum of bone being removed consistent wath drainage, 
and the joint kept at nght angles dunng the after-treatment The 
importance of the latter was abundantly illustrated dunng the 1914-18 
War when many cases of primary excision, where much bone had 
been removed, ended with a surprisingly good limb if t^e elbow 
had been kept at a nght angle, while disastrous fiail elbows followed 
after treatment in extension 

(2) Tuberculosis m adults where conservative methods promise to 
leave at best a fixed joint after prolonged treatment, where a weak 
mobile joint is to be preferred to a fixed one, and where there is no 
involvement of another large joint or amyloid disease Erasion is not 
recommended, as access is difficult, and the results are no better than 
those of conservative treatment 

(3) In preference to arthroplasty in those cases where a mobile joint 
is desired but where there is much scamng or great destruction of the 
jomt, or where persistent sinuses are present 

Technique — A tourniquet is applied by some surgeons, but in the 
opmion of the majority it is unnecessary and harmful for this as for 
all other prolonged operations on the arm if necessary, it is better 
to use the bag of a sphygmomanometer If possible, the patient is 
placed in the fully prone position, the surgeon standing on the affected 
side , but if this position be contra indicated, the arm may be draum 
across the body, the surgeon then standing on the opposite side to the 
one affected A vertical postenor mcision is made, 4 to 5 in m length, 
with its centre at the tip of the olecranon This incision is made down 
to the bone throughout its extent, splitting the tnceps Partly wnth a 
sharp rugine and partly with the knife, the tissues on the outer side are 
peeled away from the bones until the antenor aspect of the condyle 
and the head and neck of the radius are exposed, great care being 
taken to preserve the insertion of the tnceps with its lateral expansion 
into the deep fascia, the anconeus, and the lateral ligament of the joint 

A similar proceeding is then earned out on the inner side • The ulnar 
ner\e is here in danger, but woU probably not be seen, and can be 
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avoided by using the knife and keeping close to the bone The internal 
lateral ligament is preserved and the separation earned forward so as 
to expose the front of the inner condyle and the coronoid process 
Some surgeons insist upon the importance of the removal of the 
penosteum, owing to its tendency to form excessive new bone, but in 
my opinion this is not essential In tuberculosis or acute arthritis it 
^vdl strip off easily, but in other and old-standmg cases the separation 
IS difficult At this stage the bone section may be made by protruding 
first the end of the humerus and then the forearm bones through the 
wound A better plan is to pass a large, broad elevator across the front 
of the humerus raising the antenor ligament from the bone, divide 
the humerus, and then push the forearm bones backwards and complete 
the section The site of section will depend on the extent of the injury 
or disease In most cases the humerus is divided transxersely just 
above the condyles, and the forearm bones at the level of the neck 



Fig 39 —Lines of section of bones of elbow joint 
T) B raniin wui Ijabb thow those utuoQx required in excision ol tht elbow Joint The dotted 1 tes show 
those employeil m nrthroplasir tt t^lns understood that the head ot the radius has been cemosed at a 
previous oprraton 

of the radius (Fig 89 ) The sawn sections should be made trans- 
versely cylindrical m order to check forward displacement of the 
forearm This can be accomplished either by using a Butchers saw 
or by shaping the sawm sections with a gouge A gap of li to 2 m 
^oald be left aben the srm ts extended 21 the opeestion be per- 
formed for tuberculosis, all diseased tissue is dissected an ay and 
isolated foci are curetted from the bones If a tourniquet has been 
used, It IS now removed and bleeding vessels secured by ligature or 
under pinning, sufficient time being' given for the vessels to declare 
themselves Tlie wound is then irrigated with hot caline, and 
hemostasis ensured The triceps is rc united w ith mtemiptevl catgut 
sutures and the wound closed, without drainage if possible 
After-treatment — The jomt is fixed at nght angles on an inter- 
rupted metal splint and left undisturbed for ten da5s It is advisable 
to verify the position of the bones by a skiagram Tlie stitches are 
then removed, and the patient cncounged to flex the joint, while the 
surgeon assists until an acute angle is readied Only a small range of 
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movement should be attempted atfirst as a greater range might mvolve 
some danger of re opening the operation wound This assiited active 
movement is continued daily hencefor\\ard the joint being advisedl\ 
fixed alternately m flexion and extension in the intervals of treatment 
At the end of three weeks the hand may be slung to the neck and 
lowered daily no other splint being required The elbow shouldrbe 
kept flexed at night until electncal treatment and re education have 
restored the power of flexion In many cases of excision althou'^h 
flexion and extension are well controlled there is marked lateral 
instability With time as the muscles strengthen this will largely 
disappear but where much bone has been removed a certain amount 
will persist unavoidably In these cases an elbow cage is required. 
A plaster cast of the arm is prepared care being taken to mould the 
plaster well over any remaming bony prommence in the condylar 
region On this cast a moulded leather appliance is made encasing 
the arm and forearm and provided wnth lateral steels fixed to the 
leather and jointed at the elbow 

Flail dhow Frequently especially when little attention has been 
paid to the preservation of the tnceps attachment and the arm has 
been treated m full extension either the elbow becomes completely 
flail or if some control remains dunng flexion the forearm bones must 
be earned up m front of the humerus before a fulcrum is obtained 
Such a joint even when controlled by an appliance is of little use 
Two courses are open WTiere possible the action of the tnceps must 
be restored in order to balance the joint Simple re-attachment 
of the muscle to the stump of the ulna will suffice m some cases but 
where much of this bone has been lost the fixation of a bone-graft 
into the ulna in addition m order to form a new olecranon is well 
worthy of tnal This method must necessarily fail where the bone-ends 
are narrow as no fulcrum can be obtained by the forearm being drawn 
up to the side of the pointed humerus An attempt may be made to 
produce ankylosis (1) by spreading the end of the humerus into a 
mushroom shape with a chisel leavung the chips attached freshening 
the ends and upper surfaces of the forearm bones and fixing the 
surfaces together with kangaroo tendon passed through drill holes 
in the bones or (2) by employing the freshened end of the humerus 
if It IS pointed or insertmg an mtrameduUary graft from the tibia 
if the humerus is broad and passing this through large holes drilled 
m radius and ulna the upper ends of which are previously freshened 
The forearm is thus fixed in the mid position and the bones are kept 
in apposition by kangaroo tendon passed through drill holes Pro- 
longed fixation in a plaster indudmg the chest wall be necessary 
Alternatively a mobile joint may be attempted (1) by removing scar 
tissue and binding the bones together with fascia lata (Platt) (2) hy 
an arthroplasty planned to engage the pomted end of the humerus 
between the bevelled forearm bones ('NIc'MurTa} } or (3) by splitting 
the lower end of the humerus longitudmally and wedguig the two 
portions apart with a smaU piece of bone cut off from the pomted end 
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In this V-shaped socket the forearm bones are engaged and fixed with 
kangaroo tendon, the triceps tendon being reattached as abo\e 
(Aitken) 

In these cases the affer-treaiment is that of arthroplasty 

If these methods fail, the permanent wearing of a support fixing 
the eJbovi and including the shoulder is the onlj alternative 

These results are desenbed to emphasize the extreme importance 
of remoMng the minimum of bone when operation is performed for an 
acute condition, and of correct after treatment m all cases of excision 

Arthroplasty. Indications — A decision whether an elbow should 
be left ankylosed in good position or an attempt made to give a mobile 
joint can only be readied after considering the occupation of the 
patient Manual labourers are generally better off \sith a fixed elbow, 
as at present it is impossible to promise stability of the joint especially 
in a lateral direction The condition of the muscles controlling the 
joint, the degree of scarring in the neighbourhood, and the function 
of the other joints of the limb and the opposite elbow must also be 
taken into consideration Certain cases arc better treated by excision 
than by arthroplasty, which is much more difficult and should be 
reserved for cases where the bones are relatively undimaged, or there 
IS only a small degree of painful movement 

Technique —The site of incision \vill be governed by the position 
of any scars, but when possible a straight posterior incision is preferred 
Various methods have been used, but it will suffice to describe that 
advocated by Elmslie ( After-treatment of Wounds and Injuries '), 
which has been found very successful The patient lies m the fully 
prone position and no tourniquet is used An 8 in postenor incision 
IS made with its centre at the tip of the olecranon Little more than 
skin IS reflected on either side and a flap of deep fascia and aponeurosis, 
4 in long, IS dissected up from over the posterior forearm muscles with 
its pedicle attached behind the inner condyle of the humerus The 
triceps tendon is defined, split into superficial and deep halves, and 
divided in a Z shaped manner, the deep half being divided close to 
the olecranon The bones are cleared as m excision TJie joint is 
either broken open, if only partially ankylosed, or divided with a 
curved osteotome, if fixed The humerus is made to protrude, and a 
portion of the end is removed the line of section being quadnlateral, 
leaving the two condyles and crossing just distal to the oleennon 
fossa (Fig 89) This latter and also the front of the bone are well 
cleared, and the section made transversely cjlindncal (fn case of 
difficulty, a less elaborate division, as for excision, will suffice ) Tlie 
articular surface of the ulna is freelj’- cut away, onl> half the thickness 
of the olecranon and the root of the coronoid process being left Tlie 
cut ends of the bones are smoothed with a file, if necessary The fascial 
flap is sutured over the end of the humerus the triceps re united, and 
the wound closed If there is ank>Iosis of the supenor radio ulnar 
joint, this IS better treated bj excision of the head of the radius at a 
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previous operation The elbow is fixed at nght angles and treated 
on the general lines of arthroplasty 
Albee * realizing that stabilitj of the joint depends largely on a 
balance of power between biceps and triceps and that this is impaired 
by the shortening of the olecranon devised an operation similar in 
general plan in which the olecranon is retained and detached with 
a tapered portion of the ulna the insertion of the tnceps remaining 
intact After remodelling of the joint this portion is re-attached 
so as to lengthen the olecranon on the shdmg graft pnnciple He 
employs fascia lata from the thigh m preference to a loKil graft 
Expenence has shown that when as often occurs mo\eraent of the 
elbow IS limited by a bony block attempts to remove this by operation 
are rarely successful and may lead to actual diminution of movement 
If operation be considered advisable nothing short of a full arthroplasty 
should be attempted in the majonty of cases 

Arthrodesis — It is exceedingly difficult to obtain bony union between 
the humerus and bones of the forearm and the simple removal of 
cartilage is inadequate The bones must be bound together either 
by kangaroo-tendon sutures passed through dnll holes or preferably 
by a tibial bone graft dnven through a hole m the olecranon up into 
the medulla of the humerus At least three months fixation in 
plaster is needed In poliomyelitis with paralysis of the flexor 
muscles it may suffice to excise a lozenge shaped piece of skin and 
subcutaneous tissue from the front of the elbow and suture the 
wound transversely after the method of Sir Robert Jones 

Superior Radio ulnar Joint 

Excision Indications — (1) Ankylosis of the joint especially 
when the elbow joint also is ankylosed (2) Unreduced dislocation of 
the head of the radius where its presence is impeding function (8) Some 
cases of fracture of the head or neck of the radius Early operation 
will be limited to the removal of loose fragments while late operation 
will probably involve the removal of the radial head which having 
become deformed will not rotate satisfactorily 
Technique — A 2 in incision is made downwards from the external 
condyle over the head of the bone The ghstening fascia over the 
extensor muscles will now be seen A flap of this is dissected up with 
its pedicle downwards The head of the radius is then cleared bv 
dissection (not subpenosteally) and all scar tissue removed care being 
taken not to extend the incision too far downwards for fear of injuring 
the postenor mterosseous nerve With a small saw or mallet and 
chisel theheadoftheboneisremovedandleveredout Afterensunng 
that free movement without grating is obtained the fascial flap is 
tucked m round the bone stump the muscular wound dosed with 
catgut and the skin sutured The use of a flap is not alw ay s necessary 
and may not be practicable 

• II s« f Or 1933 XV 979 
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After-treatment — The arm and forearm are fixed m supination 
on an interrupted elbow-splint No movement of the joint is allowed 
for three weeks, but the fingers are actively exercised At the end of 
that time voluntary mo\ement is encouraged No passu e movement 
IS employed at any time 

The temptation to employ early movement in this as in other 
arthroplasties must be resist^ the period of immobilization should 
tend to err on the long side Assisted active movements and re-educa- 
tion will then restore function Limitation of moxement due to soft 
parts IS well combated by the use of the plaster method which I have 
devised * This consists of two plaster cases meeting at the mid- 
forearm and enclosing the elbow and hand respectively Rotation 
at the point of junction is controlled by projecting metal stnps mcor- 
porated in the plaster Pronation and supination can be forced by 
gradual tightening of tapes tied round these stnps 

I'TPCRiOR Radio ulnar Joint 

Arthroplasty of this joint has been replaced by Gallic’s operation. 
It is a matter of common expenence that fractures of the lower quarter 
of the ulna have a strong tendency to non union Profiting by this, 
Gallie advised treating ankylosis of this joint by the simple procedure 
of excising an inch of the lower quarter of the ulnar shaft utih the 
pmosUtm Excellent results are obtained, the bone readily acting 
up to its reputation for non union, and movement taking place freely 
at the pseudarthrosis thus produced 

The Wrist 

Excislom — Systematic excision of the wrist for tuberculosis is an 
almost obsolete operation and need not be desenbed The condition 
IS rare , other tuberculous foci are frequently co existent, e g , in the 
lungs , the results of conservative treatment are at least os good as 
those of operation , and the operation itself is generally unsuccessful 
as far as hand function is concerned owing to the almost inevitable 
involvement of tendon sheaths Limited excisions may sometimes be 
indicated In compound fractures operation will consist in the 
removal of the minimum amount of bone consistent with drainage 

Rcconstructhe operations on the wrist. — In this joint, moderate 
dorsiflexion is more important than mobditj , as the finger flexors 
cannot act to advantage with a flexed WTist The indications for 
operation are therefore (1) ankylosis m bad position, (2) bon> out- 
growths limiting dorsiflexion (8) dislocations of the carpal bones 

Technique —Consideration of the tendons and preexisting scars 
will guide the incision The most useful is a 4-m incision along the 
radial side of the extensor indicis with its centre at the wnst-jomt Cut 
veins are secured the annular ligament dinded, and the tendons care- 
fully lifted from the bone w^th knife and elevator Lane’s tissue-forceps 
are used to hold the tendons to either side, and the bones are then 

lim ^SfJ 4 ■< I Wl* <>• 7” 
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exposed If the wnst be ank^Iosed, a simple cuneiform osteotomy is 
performed, and the wnst dorsiflexed If bonj outgrowths limit dorsi 
Jlexion, they are removed Often although the removal of these 
outgrowths improves dorsifiexion the full position cannot be reached 
This IS general!} due to contracted tissues on the palmar side, and the 
]omt should be full} divided and sufficient bone removed to secure 
either arthrodesis in good position or an arthroplast} 

Displaced carpal bones or portions of carpal bones are best removed 
entirel} If it be decided to attempt an arthroplast}, the onginal line 
of the ]omt is cut through with an arthrodesis gouge and the WTist 
forcibl} flexed This wall expose the bone ends With the gouge the 
conv ex end of the carpus and concave end of the radius are re formed, 
suffiaent bone being removed to leave a gap of | in A piece of fascia 
lata is removed from the outer aspect of the thigh and wrapped round 
the carpal surface, care being taken to insert the edge well on the 
palmar side No fixation of this flap is required, and the tendons mav 
then be carefull} sutured m place b} union of the annular ligament 
with catgut, and the wound closed The wnst i« put up m dorsiflexion 
on a palmar metal splmt reaching from the middle of the forearm to the 
end of the palm onl} The fingers are thus left free from the outset, 
and subsequent treatment will follow the Imes of other arthroplasties 
Palmar displacements of carpal bones will necessitate a palmar incision 
for their remov al These operations are often exceedingl} difficult, and 
It IS well not to be handicapped bv too small an mcision, as due regard 
cannot then be paid to the soft parts Both palmar and dorsal incisions 
ma\ even be required to achieve the object in view with a minimum 
of damage 

Metacarpus Aho PHALA^GES 

Owmg to the greater elaboration of their sheaths the flexor tendons 
are far less tolerant of surgical disturbance than the extensor tendons 
Consequently, operations on the joints of the hand “ihould be per- 
formed from the dorsal aspect, where possible These operations will 
maml} consist of open reduction of dislocations, and ^hroplasties 
WTien operating on a dislocation of long standmg it will be impossible 
to decide beforehand whether the dislocation should be reduced or an 
arthroplasty performed Arthroplasty is indicated when either (a) 
reduction is impossible or (J) the cartilaginous surfaces of the jomt are 
so damaged as to render firm fibrous anky losis probable The mobility 
of the transverse metacarpal arch a matter of great importance in the 
maintenance of an effective grasp, depends on the mtegntv of tlie 
mtermetacarpal and carpo metacarpal jomts ^\'here these are anky 
losed a senes of arthroplasties may be performed through a dorsal 
incision Ank^ losis or unreduced dislocation of the trape^io-metacarpal 
joint IS approached through an incision between the tendons of the 
extensores longus and brevis polhcis and similar conditions of the 
metacarpo phalangeal jomt through an incision on the radial side of 
the long extensor The metacarpo phalangeal joints of the fingers may 



HAND AND SACRO-ILIAC JOINTS 183 

be similarly treated, bone being removed, in arthroplasty, at the 
expense of the phalanx in order to prev'ent the knuckle falling back 
out of line with its fellows Tn these arthroplasties the metacarpal 
end should be completely cleared from ilie surrounding soft parts A 
stnp of fascia lata is removed from the outer aspect of the thigh, folded 
in half, and seun up into a bag with fine catgut This bag is then 
slipped over the bone end and easily remains m place 
After these operations, extension should be applied to the digit for 
two weeks before movement is allowed It is best effected by apply mg 
V a plaster cast to the wrist and palm, previously encased in wool or 
felt, and incorporatmg m the plaster a stiff wire loop stretching bey ond 
the extended fingers and bent into a notch opposite the affected finger 
A tape IS attached to the finger with adhesive plaster, and tied over 
the notch 

Sacro tliac Joint 

Tuberculosis of this joint is a disease chiefly of adolescent and adult 
life, and if it does not readily yield to conservative means mav be treated 



on the same radical lines as in other joints A semilunar skmflap is 
turned forwards from over the joint, the glutei separated from the 
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exposed If the wrist be anlnlosed, a sunple cuneiform osteotome js 
performed, and the wnst dorsiflexed If bonj outgroulhs limit dorsi 
flexion, they are removed Often, although the remo\al of these 
outgrowths improves dorsiflexion, the full position cannot be reached 
This IS generally due to contracted tissues on the palmar side, and the 
jomt should be fully divided, and sufficient bone removed to secure 
either arthrodesis in good position or an arthroplasty 

Displaced carpal bones or portions of carpal bones are best remov ed 
entirely If it be decided to attempt an arthroplasty , the original hne 
of the jomt is cut through wnth an arthrodesis gouge and the vmst 
forcibly flexed This wall expose the bone-ends With the gouge the 
conv ex end of the carpus and concave end of the radius are re-formed 
sufficient bone being remov ed to leav e a gap of J m A piece of fascia 
lata IS removed from the outer aspect of the thigh and vvxapped round 
the carpal surface, care being t^en to insert the edge viell on the 
palmar side Ko fixation of this flap is required, and the tendons miv 
then be carefully sutured m place by union of the annular ligament 
with catgut, and the wound closed The wnst i« put up m dorsiflexion 
on a palmar metal splint reaching from the middle of the forearm to the 
end of the palm only The fingers are thus left free from the outset, 
and subsequent treatment will follow the lines of other arthroplasties 
Palmar displacements of carpal bones will necessitate a palmar incision 
for their remov al These operations are often exceedmgly difficult, and 
it 15 well not to be handicapped bv too small an incision, as due regard 
cannot then be paid to the soft parts Both palmar and dorsal incisions 
may even be required, to achieve the object m view v\ith a minimum 
of damage 

Metacarpus and Phalanges 

Owing to the greater elaboration of their sheaths, the flexor tendons 
are fax less tolerant of surgical disturbance than the extensor tendons 
Consequently , operations on the joints of the hand should be per- 
formed from the dorsal aspect, where possible Tliese operations will 
m ainl y consist of Open reduction of dislocations, and arthroplasties 
^Vhen operating on a dislocation of long standmg it will be impossible 
to decide beforehand whether the dislocation should be reduced or an 
arthroplasty perfonned Arthroplasty is indicated when either [a) 
reduction is impossible, or (6) the cartilaginous surfaces of the jomt are 
so damaged as to render firm fibrous anky losis probable The mobihtv 
of the transv erse metacarpal arch, a matter of great importance m the 
maintenance of an effective grasp, depends on the integrity of tlie 
mtermetacarpal and carpo-metacarpal jomts WTiere these are anky - 
losed, a senes of arthroplasties may be performed through a dorsal 
incision Anky losis or unreduced dislocation of the trapeno-metacarpal 
jomt is approached through an mcision between the tendons of the 
extensores longus and brevis polhas, and similar conditions of the 
metacarpo-phalangeal jomt through an incision on the radial side of 
the long extensor The metacarpo-phalangeal joints of the fingers may 
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be similarly treated, bone being removed m arthroplasty, at the 
expense of the phalanx in order to prevent the knuckle fallmg back 
out of line with its fellows In these arthroplasties the metacarpal 
end should be completely cleared from the surrounding soft parts A 
strip of fascia lata is removed from the outer aspect of the thigh folded 
m half and sewn up into a bag with fine catgut This bag is then 
slipped over the bone end and easily remams m place 
After these operations extension should be applied to the digit for 
two weeks before movement is allowed It is best effected by applying 
a plaster cast to the wrist and palm previously encased in wool or 
felt, and incorporating m the plaster a stiff wire loop stretchmg bey ond 
the extended fingers and bent into a notch opposite the affected finger 
A tape IS attached to the finger with adhesive plaster and tied over 
the notch 

Sacro iliac Joint 

Tuberculosis of this joint is a disease chiefly of adolescent and adult 
bfe and if it does not readilyr yield to conservative means mav be treated 
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bone and an opening made into the }omt with hammer and chisel all 
diseased bone being removed and abbesses evacuated 
More recenth arthrodesis has been successfully performed both b\ 
intra and e\tra articular methods Of the former that of Smith 
Petersen is the best An mcision is made along the postenor tw o-thirds 
of the ihac crest cur\mg round the postenor supenor ihac spme and 
running forward parallel to the gluteus maximus for 2 or 8 in If the 
sacro-ihac joint be projected on to the outer aspect of the cleared ilium 
the infenor edge will correspond with the sacro-sciatic notch and the 
antenor wnlh the middle gluteal Ime (Fig 40 ) 

With a motor saw and osteotomes a rectangular block of bone is cut 
out from the ihum openmg the jomt the cartilage and diseased 
matenal is curetted away and a socket of corresponding sire cut in 
the sacral surface After 
removal of cartilage the 
block is countersunk mto 
this socket crossing the 
jomt Additional hvation 
may be obtamed by osteo 
tomy of the edges of the 
slot 

Of extra articular methods 
that devised by me* has 
prov ed of value and has the 
advantage of extreme ease 
A semi lunar skm flap 
turned dowm exposes both 
postenor supenor ihac spines 
and the muscles between 



Fig 41 — Author s operation forsacro iliac fixation 
(traos sacral graft) 


them Both spmes are 
cleared and the mtervening 


spmous process removed from the sacrum leaving a raw area Tun 
nels of I to J m diameter are made m the two spuies and a tibial 
bone graft of suitable size dnven across passing through both tunnels 
under the muscles and with its raw surface m contact with the raw 
area on the sacrum (Fig 41 ) No extra fixation is required and 
the two sacro ihac joints are held together as by a tie beam 
Considenng the extreme gravity of sacro-iliac tuberculosis one or 
other of these methods is indicated They are often suitably employ ed 
in such milder conditions as painful arthritis or intractable instability 
of the joint Postoperative fixation first by plaster and later by a 
peine brace will be indicated the duration naturallv v ary ing according 
to the sev enty of the disease 


The Hip 


To avoid repetition operations on this joint wall be classified accord 
mg to the method of approach 


• Jom Java Sit JbI IJ 1 vuJ 
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Anterior approach, indications — (1) Drainage of acute arthritis 
and epiph3sitis 

(2) Removal of foreign or loose bodies 

(8) Capsulotomy, or division of the antenor part of the capsule, in 
obstinately flexed hips This operation is most often needed m ampu« 
tation stumps where it has been found impossible to correct the 
abduction and flexion deformitj by other means More rarely , it ma^ 
be necessary m old-standing cases of poliomyelitis with extreme flexion 
deformity, although in these cases section or displacement downwards 
of the muscles will usually suffice 

(4) Arthrodesis by .Mbee’s method — In this operation, which has for 
its object the fixation of painful osteo-arthntic hips, the joint js quichl) 
exposed by the anterior incision with the minimum of disturbance, and 
portions of bone are exci'^ed from the upper Surface of the femoral head 
and adjacent acetabular roof so as to oppose two flat, raw, bonj surfaces 
with good expectation of firm bonj union and cortseqnent cessation 
of pain 

Technique — The patient lies on the bach and the surgeon stands 
on the affected side A 4 m mcision is made do\vn\v ards and slightly 
inwards, commencing ^ in below the antenor superior spme The 
interval between the tensor fascuc femons and the glutei on the outer, 
and the sartorius and rectus on the inner side is opened up, a branch of 
the external circumflex artery being divided at this stage The capsule 
IS exposed and freely opened and the jomt explored with the finger, 
the hip being flexed In infective arthntis and epiphysitis the head of 
the bone will probably need removal If dead and loose, it can be 
levered out with an elevator, but otherwise, if its removal be indicated, 
the neck must be divided tn sttit with a key hole saw Very great care 
must be taken of the surroundmg soft tissues, and it is advisable to 
use a saw with a rounded extremity 

In infective cases it may be necessary to have a counter-incision 
in the buttock and some form of continuous irngation, the limb being 
placed on a Thomas's splint or abduction frame, with extension in the 
position of ankylosis 

Antcro-extcmal approach. Indications — Where exposure of the 
top of the joint is required, as in open operation for the reduction of 
congenital dislocation 

Technique — An incision similar to the above is extended ujni ards 
for 8 in along the crest of the ilium With a penosteal elevator, the 
tensor fasaic femons and glutei are stnpped from the ilmm down- 
wards and backwards until the jomt is reached, and the ongin of the 
rectus femons from the antenor inferior spine detached After the 
required intra-articuhr operation is concluded Uie muscles are replaced 
and sutured in position with catgut In this as in all operations in 
volving extensiv'C penosteal separation, the amount of hxmorrhage 
vanes within wide limits Drainige will only be required where 
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persistent oozmg is taking place from smaU pomts not controUable 
by ligature This approach is most useful in children 


Lateral approach ^This method has gamed fa\ our in recent \ ears 
ou mg to the ^ erj slight disturbance of the ‘'oft parts in\ oh ed and the 
practical absence of hemorrhage It applicable to 'WTiitmin s 



Fig 42 — ^Anatomj of lateral approach to h p jo nt Inset, skin mets on. 


reconstruction ojieration and extra articular arthrodesis It ^la^ 
follow one of two tjpes — 

(1) An incision passes from just behind the anterior supenor spine 
to the great trochanter and thence downw ards for about 8 in along 
the Ime of the femur (Tig 42) The inten,al between the tensor 
fasci-e femons and glutei is opened up and tljc latter turned upwards 
and backwards with the great trochanter separated with an osteotome 

(2) If greater room m a posterior direction be required the incision 

should take the goblet form the stem corrc'pondmg to 

the femur and the cup to the glutei the two meeting at tlie great 
trochanter 
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Posterior approach — ^This is a much more se\ere operation than 
the others and should be reser\ed for cases requiring a ver> extensive 
exposure of the joint and possibly dislocation uith the me\itable 
shock caused thereby However it is a v aluable method and m t!ie 
rare cases \s here drainage is required the position of the u oimd u lU 
naturally be favourable The patient lies on the sound side and the 
surgeon /aces the back An 
incision IS made from the 
posterior edge of the tip of 
the great trochanter down 
wards along the femur for 8 
in and upwards for 4 in to 
wards the posterior superior 
iliacspine fFig 43 ) If arthro- 
plasty be intended the skin is 
well dissected back on each 
side and a large fat and fascia 
flap raised from the subjacent 
gluteus maximus 

Tlie gluteus maximus is then 
split m the line of its fibres 
and Its attachment to the 
femur peeled off for a short 
distance and partially di\ ided 
Many vessels are cut at this 
stage and should be tied off 
before the operation is con 
tinued Two courses are now 
open If but a limited ex 
posure of the j oin t be required 
the interval is found between 
the glutei medius and minimus 
on the one side and the pyn 
formis on the other and the 
former two muscles arc 
stnppe<l from the great tro 
chanter forw ards until the an 
tenor mtertrocharnenc Ime K ^ .< h p- 

reached The other muscles 

inserted into the trochanter are di\ idcd Tlie digital fossa is the site 
of an arterial anastomosis and considerable bleeding maj be en 
countered here It is advisable to hgaturd vessels during the 
progress of the operation as an accumulation of forceps Inmpers the 
view To separate the muscles from the bone effectiv e\y it is necessary 
to rotate the limb inw ards and outwards as occasion requires \\ itli a 
fixed hip this cannot be done and the operation becomes unneccssanlj 
difficult Where there IS any difficulty of this kind itiseasier andgives 
a better exposure to divide the great troclianter An aneurvsm needle 
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IS passed round its base m order to define the extent and the base 
divided with a broad osteotome The bon\ process can then be 
retracted upwards with the muscles attached 

The capsule is incised (in arthroplasty excised) and the gluteal 
origins are stripped aw ay from around the acetabulum w ith an ele\ ator 
By these means the supenor posterior and most of the antenor surfaces 
of the Iiead and neck of the femur are exposed One of three proceed 
mgs may now be adopted — excision arthroplasty or arthrodesis 

1 Excision Indications —(I) Extensive destruction of the joint 
by mjury (2) Some cases of pathological dislocation Where stability 
of the limb is already ensured by the fixation of the displaced head by 
fibrous tissue etc malalignment of the limb will be better corrected 
by osteotomy (3) Rarely tuberculosis 

Technique — The neck of the femur is either dwided tn stln wiUi a 
keyhole saw or an osteotome the surrounding parts being protected 
with I^nes elevators or is sawai through after the jomt has been 
dislocated by rotation of the hmb The^ite of section will depend on 
the limits of the disease no more bone being cut aw ay than is consistent 
with the removal of dbeasc and proxision for drainage 

2 Arthroplasty Indications —(J) Cured disease tuberculous or 
other mfectisearthntis with markedly limited movement (2) Double 
ankylosis of the hips (8) Limited painful mo\ ement m toxicarthntis 
especially when atrophic if not otherwise contra mdicated 

Technique — With a broad arthrodesis gouge tlie ongmal joint is 
re-formed In cutting out the head if there w complete bony union 
between femur and peUis advantage may be taken of this to cut the 
bone so as to lea\ e a shelf projecting from the upper edge of the ace 
tabulum to mimmizc the chances of subsequent dislocation It is not 
necessary to cut through the whole extent of the union for when the 
upper postenor and under parts have been cut forcible movement 
of the limb will fracture the remainder and dislocate tlie head With 
the gouge the acetabulum is well hollowed and the head remodelled 
enough bone being removed to leave a gap of 1 in Some surgeons 
employ a brace and special bits for this purpose but this is unnecessary 
Tlie raw bony surfaces arc hammered to decrease callus formation and 
the fatty flap onginally preserved is interposed Murphy employing 
his goblet incision (p ISf) left this flap atlaclied above and succeeded 
in both Iming the acetabulum and covenng the head witli it thus 
interposing tw o thicknesses of fascia Tins is certainly difiicuU and also 
unnecessary a single layer will suffice and no hesitation need be felt 
m dividing tlie pedicle if the flap does not he easily in place without 
tension The flap may be stitched round the acetabulum with catgut 
or more easily applied round the femoral head and retained in place 
with a purse string suture of catgut If no flap for intcrpoMlion is 
available a detached piece of fascia lata may be employed (for after 
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least equally good results are obtained by Whitman's operation which 
IS applicable to cases of arthntisand non union of intracapsular fracture 
provided they be carefully sdected from the point of view of the 
CO operation of the patient in the after treatment 
Whitman’s operation — By an antero lateral or posterior approach 
the trochanter and femoral neck are exposed The former is divided 
at its base and displaced upwards with the muscles attached In 
cases of arthritis the hip is now dislocated warning having been 
previously given to the anasthetist, in order that the inevitable shock 
may be countered The head of the femur is removed and the stump 
of the neck rounded off and placed in the acetabulum With the 
thigh in abduction the trochanter is reattached by a peg, wire or 
nail to a rawed area lower down on the femur The leverage power of 
the glutei IS thus preserved The after treatment is that of arthroplasty. 

Although it IS not strictly an operation on the joints, reference may 
be made to the operation of bifurcation (Lorenr) in the treatment of 
painful arthritic hips * Here a transverse inter trodiantenc osteotomy 
IS performed, and the lower portion is pushed inwards towards the 
acetabulum Union occurs, and weight bearing is in part transferred 
to the pelvis with relief of pam 

8 Arthrodesis, indications — (1) Painful unilateral hypertrophic 
osteo arthritis It is exceedingly difficult to lay down hard and fast 
rules for the treatment of this disease Relief of pam is the primary 
consideration In a large number of cases the w eanng of a caliper splint 
for a varying period wdl give relief In young people especially if the 
disease is not progressive arthroplasty may be attempted, but where 
palliative treatment is of no avail either fixation or the operation of 
Sir Robert Jones (p 143) or the intertrochanteric osteotomj of 
McMurraj is the onl> means b> which relief can be ensured 
Arthrodesis for this condition may be performed either by Albee s 
method of anterior incision or by the postenor method Tlie latter is 
however, a severe operation in the ag^ and feeble 

When there is a very small degree of painful movement in both hips, 
it IS advisable to perform arthrodesis on one side to provide a stable hip 
and an arthroplasty or Whitman operation on the other 

(2) Paraljsis of all muscles controlling the hip joint if the knee be 
under control 

Technique — cartilage is removed from the joint surfaces The'^e 
are then carefully fitted together Some surgeons employ a bone- 
peg or nail to fix the bone surfaces ti^ether, but this in most cases 
IS unnecessary 

After either of these operations the trochanter if it has been separ- 
ated, is pegged in place, either in its original position or lower down the 
shaft The muscles are re united with catgut it is ad\isablc to do 
this carcfullj in two or more itj-ers to a\oid h-emitoma In infectne 
cases drainage is obtained by a tube reaching down to the joint, but 

• M ffni / N 89 x»ll p 7I«. 
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Affer-treahncnt of hip-joint operations. — In all cases the hmb 
should be put up in the position of ankylosis In arthrodesis this is best 
effected by the immediate application of a plaster spica reaching from 
thorax to toes as obviously no extension is required (Figs 15. 4G ) 
The progress of ankylosis can be gauged by skiagrams, but usually at 
least three months will be necessary to secure a sound union The 
application of plaster will enable the patient to Iea\ e bed and move 
about on crutches at the end of a fortnight if necessary’, an obvious 
advantage in dealing u ith a patient of advanced years 
\\Tiere possible, hip joint operations should be performed on a Hanley 



F‘6 45 — Plaster spica to hip 

rir^t thowCng «ooI covrring Utd piJ^Ur-strmgtbening {n poutlon Tbe latirr shot tJ not be 

a^iplled until the whole bM been eoveml by a Upee ol pUilet bandige 


table (Fig 84, p 120) This table alloi\s extension to the limb during 
the operation, if necessary and greatly facilitates the application of 
plaster If this table be not a\ailable, a jaelvic rest is placed beneath 
the sacrum^and the limb supported by an assistant 
The initial postopcraliic planter should always be earned down to the 
toes, as otherwise considerable trouble may ensue from swelling of the 
distal parts Later, the ankle and knee may be freed by cutting away 
the plaster Upwards, the plaster should reach just above the lower 
edge of the thorax, and on the opposite side the anterior supenor iliac 
spine must be mcluded In order to ensure fixation, it is a good plan 
to include the upper G m ol the opposite thigh dunng the first three 
weeks after the operation In applying the plaster cost, pieces of felt 
arc bandaged over the lower nbs, the whole surface is well padded 
with wool and covered in with a few plaster bandages Evpcnence 
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teaches that the parts of a spica most likely to break are .it the inner 
and outer ends of the fold of the grom , two thick plaster stnps are 
therefore applied, verticaUy along the outer side of the hip and from 
the inner side of the thigh upwards over the pubes to the opposite 
iliac spine More bandages are 
then applied until the c.ast is 
sufficiently thick The plaster 
must be well moulded o\er 
the anterior superior spines 
and round the knee 

In other cases, where no 
drainage has been employed 
and dressings do not need 
changing frequently, the limb 
IS put on a Thomas’s bed- 
splmt w ith a large nng, and 
moderate extension applied 
The splint is suspended from 
a Balkan frame placed dia- 
gonally to the bed, so as to 
keep the limb m abduction 
In cases of arthroplasty and 
k\Tiitman's operation it is use- 
ful to apply an extension to 
the leg, and a plaster spica, 
from nbs to ankle, over this 
From 5-10 lb extension is 
then appbed After 10 days 
the plaster is bivalved and 
movements are encouraged 
and after 8 to 12 weeks the 
patient is allowed to put some 
weight on the leg, with or 
without the support of a 
caliper splint according to the 
stabilityofthejoint Crutches 
will be used until full con- 
fidence IS regained 

After Whitman ‘s operation 
Fig 46 — Plaster spica to hip (complete) fixation m plaster IS mam 

The dotted line indicates line of rsmo al of » porijoo of Ihc tamed Only Until it IS thOUght 
plasferataIatersUge(W*&rf) tJj^t firm bony UHlOn of the 

re attached trochanter has taken place After this daily assisted 
active movements of the joint are instituted a useful method, at 
this stage being to sling the hmb from a Balkan frame and allow the 
patient to control movement by a pulley 

mere repeated access to the wound is requued as in infective 
cases a Thomas s abduction frame is indicated By some surgeons 
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this apparatus is employed as a routine for all cases, but for those 
unfamiliar with its use it is a difficult appliance on which to make a 
patient comfortable although the perineal band around the opposite 
groin IS very useful in preventing accommodative tilting of the pelvis 

Jones’s operation — Jlention must be made of Sir Robert Jones’s 
operation for painful osteo arthntic hips m old and fragile patients A 
vertical external incision is made. 4 in in length, in the plane of the 
great trochanter A thin slice of this process is chiselled off and turned 
upwards with its attached glutei The neck of the femur is then cut 
through with an osteotome, extension applied to the limb so as to 
separate the surfaces and the cut trochanter turned in and pegged 
to the proximal end of the femoral neck A cahper must be worn for 
a prolonged period if not permanently 

The advantages of this procedure are that it cures pain and retains 
mobility, while avoiding the shock of disarticulation, a much overrated 
risk in healthy individuals but a matter of concern in those of advanced 
years 

Thc Ksll 

Arthrotomy. — Indications (!) Septic arthntis Tor drainage of 
the joint, lateral incisions on cither side of the patella and the insertion 
of drainage-tubes will often suffice but it may be necessary to make 
a counter incision in the popliteal space by cutting down on a pair 
of forceps passed through from the front In very severe purulent 
arthritis the bgamentum patell-e should be cut through, the patella 
turned upwards, and the knee fixed in a flexed position Continuous 
irrigation can then be employed When the sepsis abates, the knee 
can be straightened and the hgament sutured Naturally, this is a 
severe proceeding but it may occasionally save a limb , the prognosis 
IS eventual ankylosis 

(2) Ethenzation of the joint 

(3) Penetrating wounds of thc joint and the removal of foreign 
bodies 

(4) Removal of loose bodies If the offending body be situated m 
the antenor part of the joint it is located by palpation if possible, and 
incision made over it Often the patient is able to bnng the loose body 
to the surface of the joint at will In these cases local aniesthesia 
renders the operation very simple as the patient can move the knee 
and work the loose body into the wound Where many loose bodies 
are present, incisions may be required on both sides of the joint 

Loose or foreign bodies (such as broken wire from a patellar suture) 
inaj he in the posterior part of the joint and show no tendency to come 
forward Some surgeons obtain access to this part of the joint through 
a median posterior dissection, displaang tile popliteal contents to the 
outer side It is far preferable however, to approadi through a lateral 
incision Tlio knee is flexed to a nght angle, thus displacing thc 
popliteal structures backwards out of danger Incision is made 
longitudinally, either on the inner or outer side or both according 
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to the position of the body On the outer side the joint is reached 
m front of the biceps tendon and on the inner side between the senu 
tendinosus and semimembranosus The joint is freelj opened a 
broad retractor is inserted and the pophtcal structures are forcibU 
retracted backwards Very good access to the back of the joint is thus 
obtained WTien the joint is abnormal it ma> be possible to attain 
both sides through one incision preferably the outer but if normal 
the view is obstructed by a sjnovial reflection Other methods of 
approach are desenbed below 

Arthrotomy for intra articular 
lesions — The preliminary apphea 
tion of a tourniquet is necessary 
for ail these operations \\Ticre an 
extensive exposure of the joint is 
required one of two methods is 
available 

(1) The split patella method of 
Robert Jones — This gives a very 
good view of both sides of the joint 
but IS open to the objection that 
the trauma is large and consc 
quentl 5 there is a nsk of subse< 
quent arthntis 

A U shaped skm flap is turned 
up (sec p 340) for excision the 
reflection being earned up to the 
level of the top of the suprapatellar 
pouch A lateral semilunar flap is 
usually as convenient A vertical 
median incision is then made from 
this point downwards dividing the 
quadneeps tendon patellar capsule 
and ligamentum patella? With a 
saw the patella is dmded m this 
Jme until the cartilage is reached 
F E 47 —Spl t patella method of arthro the final division being made wath 
torn? o! u w th jo M ^ ^ 

synovial membrane is divided m the same line throughout the extent 
of the incision W ith the knee flexed and the tw o halv cs of the patella 
retracted a v ery complete view of the joint is obtained (fig 47) At 
the completion of the operation the two halves of the patella and the 
tendons are united with catgut The wound is closed and dressed and 
the tourniquet removed It is necessary to apply a posterior splint for 
three weeks 

(2) Internal lateral incision (Tig 48 )— Here the incision is a 
curv ed one along the inner side of the patella and suprapatellar jxmcli 
Tlie skin and fascial incisions are so made as not to be coinadcnt 
In Timbrell Fishers vanetj of this approach after reflection of the 
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skin the fascia is divided m the middle line dissected and strongly 
retracted inwards The capsule and sjmovial membrane are divided 
i in internal to the patella and care is taken to make the upper part 
of the incision oblique so as to a^ oid division of the fibres of tlie vastus 
intemus The patella is displaced outwards as aboie A similar 
operation can be performed on the outer side 
Indications — (1) Radical removal of hypertrophied vilh worn or 
tom cartilages obstructing osteophytes and diseased s 5 movial mem 
brane m cases of osteo arthritis This operation is less often performed 
than it deserves butmust bereserved 
for carefully selected cases It is in 
the nature of an erasion A very 
guarded prognosis of subsequent 
function must be given Some cases 
recover a surprising degree of move 
ment others are disappointing but 
there is always a satisfactory diminu 
tion of pain 

(2) Certain cases where the nature 
of trie intra articular lesion is so 
doubtful that a complete view of the 
joint IS essential Some surgeons 
employ the method as a routine for 
the removal of tom cartilages but 
this IS quite unjustifiable as the 
trauma is unnecessarily severe 

(8) Reconstruction of ruptured 
crucial ligaments This operation 
IS on its trial and should not be 
performed unless it is impossible to 
control the disability by a knee cage 
Very good results have however 
been obtained and the operation is 
not exceptionally difficult its success 

or otherwise depending mostly as in arthrotomy of knee 

many other orthopTdic operations^ 

on the after treatment The anterior crucial ligament is replaced 
by a strip of fascia, lata from the thigh passed through holes bored 
in femur and tibia m such a way that the lost ligament is exactly 
reproduced and pulled tight all fixation being extra articular The 
knee is fixed at 100° the extra 20° of extension serving to render the 
new ligament tighter when it has become firmly fixed Loss of the 
posterior ligament is rare and its reconstruction is still more rarely 
required Attempts have been made to use. the scmi tendmosus 
tendon ^ , , 

After treatment — The knee is kept immobile for six weeks and 
a knee cage is worn until re education and electnatj have restored the 
power of the vasti muscles and the stability of the knee 
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Removal of internal and external semilunar cartilages Indications 
—It must not be assumed that removal is indicated in every case in 
which a charactenstic history is obtainable A large percentage of 
cartilages are detached at their antenor end only and often become 
r^ttached although some disability may persist owing to adhesions 
Where therefore there is a history of one or two lockmgs m the 
past and only weakness and possible recurrent synovitis recently it 
IS correct to mobilize the knee under gas adhesions being ruptured on 
full flexion and rotation If adhesions alone be present this followed 
by a SIX weeks course of electneal and exercise treatment to the 




Fig 49 — Line oj incis ons (or reoioTal of internal and external semilunar cartilages 
B Approach to posterior part of jo nt on outside nternal approach is s milar 

quadneeps ^vlll cure the patient When however there is a history 
of recent recurrent locking it is certain that there is a defimte tear 
and removal is indicated Some surgeons ad\ ise that the quadriceps 
be strengthened before operation but it is certain that a definitely 
displaced cartilage produces a vicious circle and it should be removed 
as the first stage of treatment The external cartilage is more rarely 
injured but m addition to cases of injury its removal is indicated for 
certam cases of cbcking Jenee and for cysts of the cartilage 

Technique — Rigid asepsis is absolutely essential but repeated and 
forcible scrubbings of the skin are to be avoided as tending to liberate 
more bacteria than they destroy The ordinary bath and iodine pre 
paration ^vlll suffice the knee being agam painted at the time of the 
operation A tourniquet is appbed to the thigh and the end of the 
table lowered to allow both knees to flex The area of operation is 
surrounded with, towels one enveloping the foot and leg of the affected 
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side. The surgeon sits on a low stool or sterilizing drum. WTiile there 
is no advantage in handicapping onesdf by a too small incision, there 
is no advantage in making a larger one than is necessary. A 1^-in. 
incision is made down;vards and slightly backwards from midway 
between the patella and femoral condyle to the upper edge of the tibia ; 
this will not endanger the internal lateral ligament. (Fig. 49.) The 
incision exposes the cap- 
sule. Small wound-towels 
are clipped to the edges of 
the incision by tissue-for- 
ceps or Michel’s clips. With 
a fresh knife the capsule 
and synovial membrane are 
opened in the same line. 

Failure to open thesynovial 
membrane is a common 
error, there being an exten- 
sive fatty area between it 
and the capsule. The edges 
of the opening in the joint 
are held apart by tissue- 
. forceps or small retractors, 
and a*blunt hook is passed 
into the joint, and round 
the anterior end of the 
cartilage if it is loose. 

With a thin-bladed knile 
the anterior attachment 
is divided and a pair of 
Ochsner forceps applied to 
.the cartilage. If the an- 
terior end is firm, it does 
not follow' that the pos terior 
part is uninjured, and the 
operation should proceed. 

, Traction is made on the 
cartilage, forwards and to- 
wards the middle line, and ^ m. ^ . .. -.i. , 

. r. 1 _A_ 1 Fie. 50. — Method of lying knot in suture with forceps 
its circumferential attach- ^ applied to closure of wound in knee-joint, 
ment divided with the 

knife. By a combination of cutting and traction the cartilage is 
removed, no tags being left behind. The synovial membrane is then 
sewn tvith a continuous catgut stitch inserted with a Revcrdin’s needle 
or a curved needle on a holder, the same stitch uniting the capsule on 
the return journey, and being tied to the end of the original knot. left 
long for this purpose. Tlie kndts are tied with forceps. (Fig. 50.) 
Tlie skin is joined with salmon-gut. The foot of the table is raised, 
the wound dressed with plenty of wool, and the b.indage applied vcr>' 




148 


OPERATIONS ON JOINTS 

smoothly and carefully Xo splint is needed The tourniquet is then 
removed 

A precisel} similar operation is required for remov al of the external 
cartilage \\'here both maj be injur^ the mtemal should be explored 
first, as it IS possible to obtain a view of the external cartilage from, the 
mtenial mcision but not vice v ersa If the external cartilage be found 
to be mjured, a separate incision will be needed for its removal 
After treatment — On no accoimt must the bandage be loosened 
for at least fort} eight hours There should be v erj httle pam if the 
bandage has been applied smooth]} , and loosening will mnte ha?mar 
throsis Should htcmarthrosis occur there u ill be a febrile reaction, 
which need not cause alarm or suspicion of sepsis If the effusion 
persists, it should be aspirated and the knee re baindaged firml} , 
convalescence bemg necessanlj delaved The stitches are remoted 
on the tenth daj , and the patient allowed to get up A back splmt 
IS not necessary, but it is w ell to appl> one for the first tw o daj s after 
the patient gets up as it gives confidence Electrical and exercise 
treatment is then empio} ed for six vieeks, if time permits The object 
of this is to mcrease the efficiency of the quadnceps and the v^istus 
intemus, especiallj the latter Dailj faradism to this muscle will 
increase its strength until it can again serve to prevent lateral m 
stabilitv of the jomt, while gymnastic exercises will strengthen the 
whole extensor apparatus and ensure full and unimpeded range of 
movement Some surgeons advise a much longer penod of recum 
bencj This is not onl\ unnecessai} but actuallj harmful, as the 
trauma of the operation is not great, and an earh return to function 
is obviousl} advisable if muscular wastmg is to be av oided 

Erasion for tuberculosis is rareh mdicated, such cases as could be 
treated bj this measure bemg curable bv conservative methods It 
IS obvnous that if radical operation be performed, everv stage between 
erasion and a full excision will be met Tbe adv ocates of erasion men 
tion as suitable for this operation exactly those cases v%hich are curable 
bv other means and insist on a subsequent period of fixation whicli 
v\ould usuall} be adequate to effect cure without operation 

Arthrodesis. — ^The difference between this operation and that of 
excision (see below) is mereh one of degree, as m no case should an} 
unnecessarv bone be sacrificed. 

Excision Indications— (1) Tuberculosis Extensive remoial of 
bone m children is strongl) contra mdicated as interfering inth the 
growth of the hmb It still remains a justifiable operation m adult 
cases which do not vneld readil} to conservative means and vet are 
not sufficient!} severe to justifv amputation. With modem artificial 
lunbs, there should be no hesitation m amputation where there are 
excessive destruction and smus formation 

(2) Disorganization of the jomt b} old infective arthntis or osteo- 
arthritis, especialli if there is muefl pam 
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(8) Certain compound comminuted injuries (e g gunshot) Sfodem 
treatment has much reduced the necessity for this operation, and m 
any case the removal of bone vnll be stnctly limited to the removal of 
loose fragments and the provision qf drainage In doubtful cases, 
pnmary amputation is advisable 

(4) riailjomts due to paralysis the object being to lessen the amount 
of apparatus necessary This is especially applicable to hospital cases 

(5) Unsound ankylosis ^Vlth tendency to flexion deformity and triple 
displacement 

No excision or arthrodesis should be performed on a knee which is 
flexed more than a few degrees as too much bone must then be removed 
In active disease the knee must first be straightened by extension, and 
m cases of ankylosis simple osteotomy along the joint Ime, followed by' 
extension, is indicated It is dangerous to correct fully at one sittmg 
a knee that has been flexed for a considerable period and no advantage 
is gamed, as gradual extension will suffice 

If it be impossible to keep the patient m bed during correction a 
succession of plaster casts applied at intervals of ten day’s ^vlll achieve 
the desired result 

Technique — K tourniquet is applied to the thigh and the knee 
flexed over the end of the table, if possible A great number of different 
incisions have been employed and access to the joint has been obtained 
above, below, and through the middle of the patella The one now 
most generally accepted is U shaped, commencing above one femoral 
condyle, descendmg vertically crossing the front of the tibn at the 
tubercle, and ascendmg to the opposite condy le Tins flap is dissected 
upwards, the skin only being raised as far as the upper border of the 
patella The Iigamentum pateU'e and lateral parts of the capsule 
are divided m the same Ime as the original incision, and the whole flap 
raised, mcludmg the patella In tuberculous cases the suprapatellar 
pouch IS dissected away, the mtra articular structures are removed, 
and all side tracks of disease opened up and cleaned A few touches 
of the kmfe will then free the lower end of the femur on its lateral 
and posterior surfaces By pushing the tibia backwards the femur 
IS made to project and the bone section begun In tuberculosis one- 
third to two thirds of the condyles should be removed , in arthrodesis 
m children the cartilage only is cut away in adults one third of the 
condyle is removed the resultant shortening being an advantage, 
owing to the easier clearance of the foot from the ground in walking 
with a stiff knee The femur is divided witJi a Butcher’s saw at right 
angles to the axis of the shaft Tlie tibia is then brought fonvard, and 
a thm slice removed from its upper surface, just suftcient to expose 
cancellous tissue Tree access to the back of the joint is now obtained 
and diseased tissue can be removed by dissection The bones arc fitted 
together, the alignment of the hmb tested, and any errors corrected 
by removal of bone After all diseased tissue has been excised, the 
patella may be either removed or left If possible. Tubby 's plan of 
removing the cartilage from the patella and banng the corresponding 
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areas of the antenor surfaces of femur and tibia, and pegging the three 
together, should be adopted , this method is certainly of \'alue m 
ensunng sound union Some surgeons empIo> two excision pms dn\en 
in through separate small incisions through the tibial tuberosities into 
the opposite femoral condjles in X-fashion, to ensure approximation 
If the bones fit well, this is usually unnecessan Should there be reason 
to anticipate difficult m obtammg bony umon between the cut 
surfaces, or should this ha\e failed, the msertion of a graft crossing 
the jomt ensures ankjlosis This graft should be cut from the front 
of the tibia on the affected side immediately below the line of section 
of the bones and fitted into a groove m the femur It w-iU be found to 
fit better if its direction be rexersed The deep tissues are closed with 
catgut and the skin sutured A generous dressing is applied, and 
bandaged verj smoothly and carefully, and the tourniquet removed 
The limb is enclosed m plaster from foot to pelvis a portion being cut 
round {but not removed) over the site of the incision, as the plaster is 
setting This ** fid ’ n, kept m place bj a bandage and can be lifted 
to uispect the wound 

After-treatment — The wound is disturbed as little as possible, 
morphia bemg given to allav pain. On the tenth daj the " Iid ' is 



51 —Method of etuploying a Thonias s splmt and plaster for fiaaUon 
^ter excision of knee. 

ImnKibiliiition isobUuKd ■jlboot tree ace*** lo U>e area. 


removed the dressmgs are cut through, the stitches removed the 
wound redressed and the “ lid” replaced After three weeks a new 
plaster is apphed under an aniesthetic. but this need not include the 
pelvTS A closer fit wiU be obtamable as less dressmg is needed The 
patient can then get up on crutches, but no weight must be borne 
on the limb In tuberculosis cases where more frequent attention 
mav be needed, the limb mav be put on a metal splmt with an inter- 
rapDon at the knee An exceDent method also .s to enci^e thigh am 
plaster, appl> a Thomas’s splmt to the limb, and fix <■« 
to** the leg with additional bandages, enclosing the sphnt (Fig al ) 
This method ePectivelj presents separation ol the bom surfaces 
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In non tuberculous cases after t«o months a cast is taken and a 
moulded leather or celluloid case is made to fit, lateral steels being 
prolonged doumrards into sockets in the boot The patient can now 
bear weight on the limb The date at which weight can be taken 
in tuberculous cases will depend on the symptoms and the evidence 
of skiagrams 

A Thomas’s knee-splmt, changed later to a caliper If the disease 
remams quiescent, should in any case be worn for at least a year 

Arthroplasty of the laiec. — In the knee more than any^vhere else 
the selection of suitable cases is essential Firm bony ankylosis in 
good position should not be hghtly disturbed As in synovectomy, 
patients should understand that considerable discomfort is to be 
expected during after-treatment and they must be prepared to face 
this r ear of lateral instability is the chief bugbear 

The joint is exposed as for excision Originally some efforts as made 
to imitate the normal contour of the knee, the ankylosis was cut 
through and the opposing surfaces made transversely cylindrical, the 
f 'moral convex and the tibial concave Recently Albee has practised 
a method m which the surfaces are V-shaped at an angle of 120*, and 
no attempt is made to imitate a normal joint Lateral instability is 
mach lessened thereby, and more bone can be safely removed In 
either case the new joint is lined by fascia taken from the thigh 
Fixation in plaster with extension is maintained for at least 6 u eeks 

In cases where ankylosis is limited to the femoro patellar joint the 
rest of the jomt being healthy, arthroplasty is most useful Incisions 
are made on either side of the patella the ankylosis is cut through, and 
the deep half of the patella removed The femoral surface is smoothed 
and a strip of fascia lata turned down from the outer surface of the 
thigh, passed through between the two patellar incisions, and fixed by 
catgut sutures at the four comers The joint is immobilized for four 
weeks The condition calling for this operation is somewhat rare, but 
the results are excellent, almost complete range of mobility being 
obtainable bj careful and prolonged exercises 

Operations for the repair of fractures of the patella are desenbed in 
the article on Bones (p 357) 

It remams to indicate briefly the procedures that have been adopted 
for the relief of recurrent dislocation of this bone — 

(1) Correction of associated genu axilgum by osteotomy, the dislo- 
cation being commonly outward 

(2) Excision and resuture of a portion of the capsule on the inner 
side, with division of the capsule on the outer side, the synovial mem- 
brane not being opened 

(8) Arthrotomj on the outer side of the patella, and the raising of 
the ridge on the outer femoral condyle w ith a hammer and chisel in 
order to increase the normal barrier to dislocation 

(4) Transplantation of the tubercle of the tibia and attached hga- 
mentum patella: to the inner side, especially if the vastus extemus be 
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«dl separated extemallj and tlic tibial tubercle be displaced to the 
inner side without complete separation from its penosteal attaclimcnt 
to the tibia (Elmslie and Malkin) 

(5) Fixation of the patella to the inner side by a free fascial imift 

to reinforce the capsule “ 

(6) Transplantation of the semitendinosus into the patella 

(7) Transplantation of the outer half of the patellar tendon behind 
the inner half into the tibia 

The condition is a difficult one to cure Probably methoth, (I) (2) 
and (4) either alone or in combination olTcr the most promising 
outlook 

The Ankle 

Arthrotomy for drainage is best performed by incisions in front 
of the two malleoli a drainage tube being drawn across between the 
two incisions behind the extensor tendons MTierc drainage of the 
posterior part of the joint i:. required an incision is made behind the 
peroneal tendons and a counter incision made on the inner side bj 
cutting down on forceps passed through tlie joint In compound 
fracture maohing the ankle tlie site of incision will be determined bj 
the injurj sufficient bone being removed to ensure drainage and the 
foot immobdized in the position of ankylosis 

Excision of the ankle for tuberculosis is nircl> required as (1) con 
servative treatment usually suffices and (2) the tarsus is usually exten 
SIX ely m\ ol\ ed and the astragalus at least must be sacrificed 

WTien operation is indicated amputation through the mid tibia will 
remove the disease more surel> and provide a better walking median 
ism The classical excision need therefore not be desenbed 

Arthroplasty and arthrodesis —These two operations must be 
considered together as it is frequcntl} impossible to foretell before the 
operation which of the two will be found feasible 

Indications —(1) Ank>losis in faultj position (2) Limitation of 
dorsiflexion b> a bony block (8) Limited and painful movement 

Technique — A tourniquet is applied and a 4 in longitudinal 
incision made along the front of the joint avoiding the tendons these 
are held to one side and the extensive !alt> mass beneath them » 
dissected dow nw ards m a flap The front of the joint is thus exposed 
A simple bony block can then be chiselled awaj If the joint is more 
e\tensivel> injured or ankjlosed a wedge is removed from the site of 
the origin'll joint with an arthrodesis gouge If the bone is bird 
arthroplasty may be attempted if soft and spongy arthrodesis must 
be performed In the former case a gap of } in is left throughout the 
lomt and the flap of fat turned inwards to line the new joint Tlie 
wound is then closed and dressed and the foot placed m the position 
of ankvlosis on a club-foot shoe 

The tourniquet is now removed On the tenth daj the stitches are 
taken out and if arthropl'istj has been attempted the patient is ashed 
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to move his ankle If he can do so, mo\ ement will probably result , 
if not, ankylosis In either case, fixation in plaster for at least four 
months is required, but the patient should be alloi\ed to walk on the 
plaster at the end of four weeks, this being essential to restoration of 
function 

If arthroplasty be impossible, the bones are shaped to fit, and no 
flap IS interposed 

If much bone has been removed good co aptation may be impossible 
and better bony contact is obtained by performing an oblique osteotomy 
of the fibula, severing the malleolus and allowmg it to be pushed 
inwards into contact \\ ith the astragalus A sliding bone graft from 
the front of the tibia inserted into the neck of the astragalus is a useful 
additional measure 

Taksus and Metatarsus 

For operations m this region the reader is referred to the article on 
General Orthopaedics (p 87 tl seq ) 



CHAPTER V 


OPERATIONS ON TENDONS 

By the late R. C. ELRISLIE, O.B.E. 

SURGICAL ANATOMY 

The tendons consist of longitudinally arranged bundles of fibrous 
tissue, the separate fibres being only very loosely bound together, so 
that when a tendon is tom or cut thej. separate easil) and the end 
of the tendon is apt to become fraved The longitudinal arrangement 
of the fibres gi\ es a veiy poor hold for any suture that is passed through 
the tendon, and for this reason special methods of suturing hai e to be 
adopted At the proximal muscular end the strands of fibrous tissue 
continue either into fibrous septa in the muscle or sometimes into a 
flat fibrous la> er upon the surface of the muscle The muscle fibres 
are inserted into these fibrous lasers or septa At the dist^ end the 
tendon passes mto and is contmuous with, the periosteum of the bone 
A tom tendon may pull away from the muscle fibres at the upper end , 
It may rupture at its narrowest point , or it can be tom away from its 
msertion into the bone, usually carrying a flaXe of bone with it Tlie 
particular injury depends on anatomical /actors and upon the way m 
which the force acts The tendo AchiUis most often ruptures at its 
narrowest pomt about 1| mches above its insertion The quadriceps 
tendon ruptures just above its msertion mto the patella The extensor 
expansion on the back of the fingers may separate from its insertion 
mto the last phalanx or may pull away with it a small fragment of the 
phalanx The flexor tendons of the fingers have been known to tear 
nght out of the muscle 

Most tendons he m a smooth slieath which is reflected ov er the tendon 
Itself, so that the latter is suspended in its sheath by a meso-tendon 
The latter may be complete as. for example, m the tendo Achillis 
which IS suspended m its sheath by an anterior meso-tendon right down 
to Its msertion m the heel Or it may be mcomplete, as m the flexor 
tendons of the fingers, considerable lengths of which he perfectly free 
in the sheath without any attachment at all The blood supph of a 
tendon is derived from longitudmallv disposed vessels which enter it 
from the muscle above, but an accessory supply may enter through 
the meso-tendon 

In all operations on tendons it is important to avoid unnecessary 
miurv to the sheath and the meso-tendon and to suture the sheath 
when It has been divided, if this is possible, without making it imduh 
tight Some tendons nm in a direct line from the muscle to the 
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inwtion, for evaniple, the tendo Achillis Others pas<: around bon\ 
prominences and alter their direction , in this case the} he m a groove 
in the bone which is covered b\ a part of the tendon sheath, the canal 
for transit of the tendon being completed by a strong external fibrous 
layer An example of this is the passage of the peroneal tendons 
round the external malleohis Other tendons, particularly those 
on the flexor aspects of the limbs, alter the direction of the pull at the 
level of the joints that they pass this is carried out bj passing the 
tendons beneath strong fibrous hgaments which prevent them jumping 
out of their grooves In Sront of the wnst the anterior annular 
ligament forms in this way a bridge beneath which the flexor tendons 
to the fingers are enclosed, and m the same way there is a fibrous 
bndge opposite the metacarpo phalangeal and the mter-phalangeal 
loints of all the finger^ These fibrous bridges or fibrous canals over 
a bony groove should be respected and left undivided if the operation 
can be completed satisfactorily wthout interfering wth them But 
if the} must be divided they should be repaired by suture, because 
any permanent damage to them means senous interference wth the 
function of the tendon Adhesion of a tendon to its sheath interferes 
with the action of the tendon as much as a complete division In 
those tendons which are not enclosed m bonj or fibrous canals adhesions 
will very often gradually stretch and free themselves But m tendons 
which have to pass through such canals or have to work under a 
fibrous bndge, adhesion is usually very senous and permanent Thus, 
the tendo Achillis or the biceps femons tendon will free themselves 
from adhesions , the extensor tendons of the fingers can also work 
themselves free, unless they are adherent in the region of the posterior 
annular ligament but if the flexor tendons of the fingers become 
adherent the> almost invanabl} lose their function completely 

TENOTOMY 

Tenotomy consists m division of the tendon of a muscle, a gap being 
left that becomes filled with fibrous tissue from which the tendon is 
reconstituted and lengthened to an extent regulated by the gap that 
has been preserved durmg the process of healing It has been shown 
expenmentally that when a tendon is divided inside its sheath the 
proximal end retracts, owing to contraction of the muscle The space 
left becomes filled W’Uh an effusion of blood, which within a few days 
begins to organize by the invasion of fibroblasts from the tendon- 
sheath New fibrous tissue then gradually replaces the clot and 
becomes adherent to the extremities of the tendon Tins fibrous 
tissue gradually' organizes and, as it does so, contracts Tlie extent 
of the contraction depends upon the position in which the part is held 
dunng the process of organization , for example, if the tendo AchiUis 
has been div ided and the foot is held m plantar flexion during healing, 
the ends of the tendon are approximated, the gap is small, and the 
fibrous tissue may contract to such an extent that thire is actually no 
eventual lengthening If, on the other hand, the foot is strongly 
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dorsmexed, or the patient is aUowed to walk upon the limb freely, 
so that the weight of the body forces dorsiflexion, the gap may be 
large, the fibrous tissue has little chance of contracting, and the tendon 
w lengthened to an extent which ma5' leave a calcaneus deformity. 
The position of the part and the extent to which the tendon is stretched 
during the process of healing are, therefore, all-important in securing 
an eventual accurate correction of the deformity for which the teno- 
tomy h^s been performed. Experiments show that about sLx weeks 
are required to enable the new fibrous tissue to become strong enough 
to withstand tension and to undergo its maximum of contraction. 
At the end of this time the strands of fibrous tissue have assumed a 
generally longitudinal direction similar to that in the original tendon. 
A tendon is vei^' apt to adhere to its sheath at the point at which it is 
divided, and this becomes more likely in proportion to the damage 
done to the sheath. In tenotomy, therefore, it-should be the rule to 
avoid injury to the tendon-sheath as far as possible, and to divide the 
tendon at a site where adhesion to the sheath will matter least Jf 


two or more tendons run in parallel sheaths, e.g. the peroneus longus 
and peroneus brevis, the tendons should not be divided at the same 
level, because it is veiy probable that the cut ends will become adherent 
and the two tendons will cease to have any separate action. 

Sabcutaoeoas tenotomy, — ^In subcutaneous tenotomy the limb is 
so held as to place the tendon slightly on the stretch. A sharp teno- 
tome is inserted through the skin, the blade of the knife being at right 


Fig. 5?a. — tenotome. 

angles to the skin surface, with its flat surface parallel with the line 
of the tendon. The tendon being slightly relaxed, the tenotome is 
passed deep to it, far enough to make sure that it reaches across the 
under-surface. ITie tenotome is then turned so that its cutting edge 
is against the tendon, which is now placed on the stretch' and cut 
through by slight sawing movements of the knife. As soon as the 
last strand has been divided, the tenotome is turned back to its initial 
position and withdrawn. 

The best form of tenotomy knife is that shown in Fig. 52a. and 
known as Jones’s ; the blunt-pointed tenotome formerly used has 
now' been universally discarded. _ 

In many cases a so-called tenotomy consists in the division of a 
structure which is partly tendinous and partly muscular, or even 
entirely muscular. Thus, in tenotomy of the stemo-mastoid the 
sternal head is tendinous, the clavicular head largely muscular. In 
tenotomy of the adductors in the thigh the adductor longus is the 
only part which consists of tendon ; the rest of the structures divided 

The subcutaneous div-ision of a muscle with the tenotome is carried 
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outmexactl} thesamex^aj as for a tendon Inafew cases it is con- 
venient to pass the tenotome between the structure to be duided 
and the skin, and to cut inwards into the tendon instead of cutting 
towards the surface 

Open tenotomy. — is inadvisable to practise subcutaneous tenotom} 
on certain tendons, either because there are structures m the neighbour 
hood which maj be damaged bj the operation or because there is a 
nsk of lengthening the tendon too much unless the operation is done 
under the guidance of the eje In open tenotomj the incision is made 
in the Ime of the tendon, the tendon sheath is opened and a flat 
director (a hernia director is the best instrument) passed beneath the 
tendon, which can then be divided on this director with an ordinary 
scalpel If it IS necessary to lengthen the tendon b\ a definite amount, 
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Fig 5Sl> — Another type o£ Tenotomy knife 

the tendon is split longitudinally for a distance of at least 1 in more 
than the amount of lengthening actuaUy required (p ICl) Each half 
of the split tendon is cut through on one side at the extremities of the 
split , the two hahes are then allotted to slide upon each other to 
the required extent and are sutured together with two or more sutures 
of fine thread (No (30) After an open tenotomy or tendon lengthening, 

the sheath should be sutured at a few points with fine catgut and the 
skin sown up m the ordinary waj , but taking great care that the sub- 
cutaneous tissue IS brought well together 
After most tenotomies the limb requires fixation either on a splint 
or in plaster of Pans m that position which keeps the tendon stretched 
]ust to the required extent, and this position must be mamtamed for 
six weeks 

Special Tenotomies ami Myotomies 
The stemo-niastoid — Tenotomy of the sterno mastoid is earned 
out for the correction of ' congenital torticollis In spite of its 
name, this condition is seldom noticed in the infant Wien it is 
discovered m the first >ear U will generally jield to treatment bj 
massage and stretching but when discoxered later than this tenotomy 
IS required Children are most often brought for treatment between 
the ages of C and 7 Operation should be earned out as soon as tlie 
condition is discovered, as secondary cdianges in the cerMcal spine 
develop and facial asvmimetrj anses It has been the custom to 
recommend that the stemo mastoid should alwaj's be divided bj an 
open incision, because (I) ae*«cls, more particular!) the antenor 
jugular, the external jugular, and the communicating twag between 
them are liable to injur), and (2) bj a subcutaneous operation the 
complete division of the tendon and muscle and of its sheath of cervical 
fascia IS impossible After division of the muscle tins sheath of fascia 
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™‘’ ™aintMns the defonmt 3 K the open inelliod 
**1° '>® ““"i® 'erticallj over each head ot the 

muscle, the skin retracted, and the muscle picked up and divided A 
subcutaneous suture in the lajcr o£ fascia containing the plalisma 
should idwaj s be used, as othennse a spreading of the scar in the skin or 
a cheloid scar is verj likelj to arise A transveise mcision leaves a 
scar winch is less noticeable, but the division of the platvsma is likelv 
to lead to a spreading of the scar or to a cheloid 
This open division of the stemo mastoid has two senous objections 
he operation for torticollis is almost purely an asthetic one, so that 
an\ result which leaves an evident scar is objectionable Moreo\er, 



Fig 53 — Subcutaneous division of sternal head of stemo mastoid 

the complete division of the muscle which is earned out in an open 
operation may entirely depnve the muscle of its attachment, so that 
the line which it shows m the normal neck is abohshed on the side of 
operation The cosmetic effect of this is had, and the defonnit} ma> 
actuall). be more noticeable than was the previous contracture Tor 
these two reasons subcutaneous tenotomj, followed by careful after 
treatment, is preferable 

The subcutaneous operation (Tig 53) can be earned out with 
perfect safetj , but instruments for performing the open operation 
should always be at hand, so that m case of hiemonhage an incision 
can be made to pick up the bleeding point "Such an incision will 
scarcely ever be necessarj in the hands of an expenenced operator 
For the subcutaneous operation the patient should he on the back 
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with the shoulders resting on a sand-bag. Good anesthesia is essential ; 
cyanosis will certainl}' lead to haemorrhage, which may be embarrassing. 
One assistant grasps the two arms just below the shoulders and pulls 
them downwards. Another assistant holds the head and manipulates 
it in such a way as to make the muscle to be divided stand out. In 
order to do this, the head must be held in a straight line with the trunk, 
and pressed laterally towards the affected side, the face then being 
rotated tow'ards this side, and the chin depressed. The operator stands 
on the right-hand side of the patient. For the right stemo-mastoid, 
the tenotome is inserted on the medial aspect of the sternal head, 
passed deep to this, and the tendon divided from within outwards ; 
the tenotome is then re-inserted between the sternal and cla\ncular 
heads, passed deep to the clavicular head, and this par,t divided. For 
the left stemo-mastoid, each muscle head is dealt with from the outer 
instead of from the inner side. AVhen the muscle has been divided, the 
operator should complete the operation by himself taking charge of 
the head and putting it through movements which will fully stretch the 
affected stemo-mastoid. This will usually result in the cracking of a 
few bands, either of muscle or of fascia, which have been incompletely 
divided with the tenotome. 

If the operation is carried out as described, the anterior jugular vein 
is situated too far forward, and the external jugular vein too far back, 
to come into the area of d«inger. The communicating vessel between 
the two, lying underneath the stemo-mastoid, is usually small and is 
only liable to injury’ if the tenotome is passed rather deeplj*. If there 
is a moderate amount of venous hamorrhage, suggesting the division 
of a larger vessel than usual, it can practically alwaj's be stopped by 
holding a pad of gauze over the spot and pressing well dovvTj on to 
the clavicle. 

After-treatment is usually carried out by starting massage 
stretching exercises and remedial exercises after four days’ rest The 
essential movements during the first six weeks are those wliich will 
fully stretch the affected muscle, e.g. lifting the patient by the head. 
Suspension by means of a Sayre's sling with the back resting against 
an inclined plane (Fisher’s svispcnsion bed) for half to one liour each 
day for a penbd of eight weeks is also usefuL The hxatibn of the heacf 
in an over-corrected position by plaster of Paris or by some apparatus 
is exceedingly difficult and very irksome. A completely satisfactory 
cosmetic result can be attained by a competent masseuse without 
such fixation. If the operation is carried out after the age of ten, the 
secondary scoliosis may not be completcl}' corrected and the facial 
asymmetry’ mav’ persist. 

Myotomy for flexion of the hip-jolnt. — In old-standing _cascs 
of infantile paralysis there is often a severe lle.vion and abduction 
contracture at the liip-joint. Tlic contracted stmetures arc the 
sartorius, tensor fascire femoris, anterior part of the gluteus medius, 
rectus femoris and front of the capsule of the hip-joint. Tlie iUo-psoas 
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maj also be shortened Attempts should ahvaj she made to overcome 
this contraction by extension manipulation and stretchm? without 
operative interference If these fail it may suffice in mild cases to 
pass a tenotome between the skin and deep fascia immediately below 
the antenor supenor iliac spme and to cut inwards dividing the 
attachments of the sartonus tensor fasciie femons and fascia lata 

In more severe cases an open operation is required An incision is 
made along the antenor third of the crest of the ilium turning down 
along the outer border of Scarpa s tnangle The ihac crest is exposed 
and the antenor margin of the sartonus defined The attachment of 
this muscle is removed from the antenor supenor spme and the fascia 
lata and tensor fascia femons are divided at their attachments to the 
iliac crest The structures attached to the ihum are then stnpped 
down towards the hip jomt until the tendons of the rectus femons are 
reached These are detached and the capsule of the hip-jomt exposed 
It may be necessarj to divide this verticall} WTiile the operation is 
bemg performed the shortened structures maj be rendered tense b) 
fully flexmg the opposite hip to control the portion of the pelvis 
The detached muscles and fascia are not sutured but are allowed to 
he free and form re attachments at a lower level with intervening 
fibrous tissue 

This operation tends to make the antenor part of the crest of the 
ilium rather prominent To avoid this the abdommal muscles may 
be stnpped from this part of the crest and the bone bevelled down 

After treatment maj be earned out either by continuous extension 
in an adducted position the patient being fixed on his back on abed 
or a Thomas s frame or lying on his face with the pelvis strapped 
down Of b> a forcible correction of the deformity at the tune of the 
operation and the fixation of the pelvis and the limb m plaster of Pans 
If too forcible correction is attempted a fracture of the neck of the 
femur maj very easily be caused This accident is not necessanly 
unfortunate as fracture of the neck of the femur or an osteotomy at 
this spot may prove to be the best means of correcting the deformity 

Tenotomy of the adductors — ^Tenotomy of the adductors of the 
thigh IS most often reqmred m spastic paraplegia or hemiplegia It 
may also be earned out for adduction deformity resulting from any 
form of arthntis of the hip and it is often desirable as an accessory m 
osteotomy of the upper end of the femur and in arthrodesis of the hip 
It may be performed subcutaneously the tenotome bemg passed 
under the adductor longus tendon and band after band of this muscle 
of the adductor brevis and of the gracihs divided the hmb being 
held abducted The division is earned out until a suffiaent range of 
abduction is easily obtained The operation may be performed by an 
open method through a small inoaon ov er the adductor longus tendon 

Tenotomy of the hamstnngs —Tenotomy of the hamstrings may 
be required m spastic paraplegia and m all sorts of fixed flexion 
deformity of the knee whether from mfantUe paralysis or from old 
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disease of the knee-joint, or other cause. The tenotomies are carried 
out by the open method through two longitudinal incisions, one on 
the outer side over the biceps tendon, the other on the inner side 
over the tendons of the semitendinosus and gracilis Each tendon in 
turn is picked up on a director, and either divided completely or split 
longitudinally and lengthened, the biceps being divided through the 
outer incision, and the semimembranosus, semitendinosus and gracilis 
through the inner incision The lengthening operation is always to be 
preferred. The deep fascia must be sutured separately to prevent 
adhesion of the cut tendons to the skin Subcutaneous tenotomy 
of the hamstring tendons is not a safe procedure, because of the vessels 
and nerves in the pophteal space This applies particularly to the 



biceps, which lies close to the external popliteal nerve. The ilio-tibial 
band is often an accessory in maintaining fixed flexion of the knee. 
It may be divided subcutaneously with a tenotome immediately 
above the external condyle of the femur. 

Tenotomy of the tendo Achilfis. (Figs 54, 55.)— Tenotomy of 
this tendon is usually performed subcutaneously by a lengthening 
operation In this method the tenotome is first inserted on the 
inner side of the tendon close to its insertion into the os calcis, passed 
between the tendon and skm, and by cutting from without inwards 
the inner half of the tendon is divided The tenotome is then with- 
drav,n and re-inserted upon the outer side of the tendon, about l|-2 in. 
(in an adult) higher up the limb The outer half of the tendon is 
divided at this level, the foot being held dorsiflexed, and the cutting 
continued until the tendon begins to give ivay. The tenotome is then 
w-ithdrawn. and a little steady pressure on the foot will cause the two 
halves of the tendon to slide on each other. Tills dorsiflexion is earned 
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out to just that degree which gnes the amount of lengthening of the 
tendon that is required, and the foot is fixed in plaster of Pins or on a 
splint T^e actual distance between (he jwints at whicli the tenotome 
IS entered should al\\a\s be considcrahlv more than the Icncthenme 
required ^ 

This subcutaneous lengthening has ad\antages over compTclc 
dixasion of the tendon the chief being that the amount of lengthening 
can be accurately adjusted The tendon must not be stretched tw 
far , after this sliding operation it has no power to shorten again .and 



Fig 55 R<*ult of Ifngthwting fendo AchUli5 hf sliding op«r«tion 
DugremmaUC. 
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any excess of lengthening will be permanent and leave a calcaneus 
dcformitv In small cluldrcn the subcutaneous lengthening operation 
IS not possible and a complete division must be carried out 

The tendo Achilhs may be lengthened b\ an open method an 
incision being made either vertically over the tendon or a little to one 
side so that the scar i» lc^s prominent (Tig 5") Open division i> 
advocated bv isome surgeons in all cases of spastic contraction o! the 
tendo AcluUis and mav be required m other cases for special reasons 
such as an exce>si\e!y short tendon, or adhesions of the tendon to its 
sheath After open (cnotomv (he sheath of tiic tendon should almi'* 
be sutured separately 
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Tenotomy of the tibial muscles. — -The tibmles posticus and 
anticus are sometimes divided m cases of talipes varus This operation 

should always be earned out through a small incision , first, because it 
IS impossible otherwise to make sure of dividing the tendon, and * 
secondly, because other structures are liable to injury In dividing 
the tibialis posticus tendon, the postenor tibial artery or the flexor 
digitorum longus may be cut, and m dividing the tibialis anticus the 
extensor hallucis may be cut and may leave a permanent dropping 
of the great toe The tibiahs posticus is best divided just above 
the internal malleolus, the tibiaUs anticus just below the annular 
ligament of the ankle 

Tenotomy of the peronei. — The peroneal muscles are sometimes 
divided m spastic talipes valgus The operation should be earned 
out through an incision over the course of the tendons as they he 
on the poster© external aspect of the fibula just above the external 
malleolus The sheath of each tendon should be opened separately 
and the tendons divided at slightly different levels In some cases of 
spastic talipes valgus an actual exsection of from in of each of 
these tendons may be earned out with the object of preventing union 
and consequent recurrence of spasm 

Tenotomy of extensors of the toes — This tenotomy is earned 
out on the dorsum of the foot over the heads of the metatarsal bones 
Tor the second to the fifth toes the operation may be done subcutan 
eously, the tenotome being slipped under the tendon which is divided 
by forcibly flexing the toe Tor the great toe it is better to perform 
an open operation and lengthen the tendon as a complete division 
may result in non union and a permanent dropping of the last phalanx 

Tenotomy of the plantar fascia. — In so-called tenotomy of the 
plantar fascia the tenotome is entered on the inner margin of the sole, 
about 1 in in front of the tubercle of the os calcis, is passed across the 
foot between the skm and the plantar fascia, and turned and the fascia 
and structures adjoining it are cut from without inwards It is 
probable that, in addition to the plantar fascia part of the muscles 
of the sole particularly of the abductor hallucis is divided The 
operation is performed for pes cavus and correction of the deformity 
will necessitate either immediate wrenching of the foot with a 
Thomas s wrench or subsequent treatment upon a Scarpa s shoe 

Stcindler’s operation. — Tiiis operation is a substitute for tenotomy 
pf the plantar hascia which is sometimes followed by the production 
of a tender mass of new fibrous tissue which may persist for some 
months and is very apt to contract, so that the cavus deformity 
recurs Tins objection to tenotomy derives added force from the fact 
that, m a subcutaneous operation, other stnictures which hinder 
correction of the pes cavms cannot be divided, viz the short muscles 
of the sole, particularly the abductor hallucis, flexor brevis digitorum, 
flexor accessorius, abductor mimmt digiti, and the long and short 
plantar ligaments In Steindler's operation the attachment to the 
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plantar fascia of all the muscles named above, and of the long and 
short plantar ligaments is separated from the under-surfacc of the 
os calcis and allowed to slide forwards, so that the sole is thoroughly 
flattened. A tourniquet should be applied, the foot held on its outer 
side on a sand-bag, and an incision made reaching from the inner side 
of the heel foPiVards, parallel with the inner border of the foot, as far 
as the level of the midtarsal joint. This incision is | in. above the 
margin of the sole. It is carried down to the os calcis posteriorly and 
anteriorly until the plantar fascia and attachment of the abductor 
hallucis are seen. A flap consisting of the skin of the under-surface 
of the heel and subcutaneous tissue is lifted downwards, the skin of 
the sole being undercut to free it from the plantar fascia. With a 
knife, the abductor hallucis and plantar fascia are separated from the 
bone, and by w’orking the outer side of the foot the abductor minimi 
digiti is similarly separated. With a sharp elevator the rest of the 
muscular attachments are then lifted from the whole of the under- 
surface of the os calcis. The long and short plantar ligaments may 
come off with the muscles ; if they do not, they should be divided with 
a knife, keeping close to the bone. The elevator must be worked 
forwards until it actually enters the calcaneo-cuboid joint. On. the 
inner side, the abductor hallucis must be cut free from its attachment 
to the inner aspect of the os calcis and the internal annular ligament. 
Comparatively slight wrenching of the foot into a dorsifle.\ed position 
will then flatten out the sole completely. The wound can be sutured 
without removing the tourniquet, hemorrhage being controlled by 
pressure over the dressing. 

The operation was originally performed through the outer side, but 
this does not give so good an exposure. The incision must not be 
carried completely round the heel, or sloughing of the flap may result. 

After-treatment is carried out by fixation at the time of operation 
upon a flat metal plate ; at the end of four days this plate is removed, 
and the foot stretched daily. As soon as the wound is healed, the 
patient may walk, being particularly instructed to throw the weight 
well on to the fore part of the foot and thus continue the stretching. 
Alternatively, the foot may be wTcnched until it is flat, and fixed in 
plaster of Paris for si,\ weeks. 

TENDON SUTURE 

^\’hen one or more tendons have been divided, their suture by oi>cra- 
tion presents a problem wliich is by no means so straightforNv.ard as 
w’ould at first appear. The suture of any indiNadual tendon is diiTicuIt 
because the longitudinal arrangement of the fibres makes any stitch 
very apt to tear out if tension is put upon it. If the tendon has been 
ruptured, its ends are nearly always frayed and the insertion of sutures 
is even more difficult. The extremity of the cut or ruptured tendon 
very soon becomes sealed overmth organizing blood clot, and at tlic 
end of 10-14 days from the date of the injury there wiU usually be a 
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slightly thickened bulbous end which may be loosely adherent but 
which can be handled much more easily than the friable cut or ruptured 
surface, found when operation is performed at the time of the injury. 

Suture of a tendon should not be considered a minor operation 
It should always be earned out under the best possible conditions, 
with adequate preparation, m a good operatmg theatre, and with 
proper assistance If these are not available it is better to treat the 
wound by cleansing excision of the damaged tissue and suture, leaving 
the reconstruction of the injured tendons until later It is, in any 
circumstances a mistake to attempt immediate suture except in 
a clean incised wound The slightest infection is almost certain to 
give nse to adhesions which will interfere wth the subsequent action 
of the tendon 



Fig 56 — Three methods ol suturing tendons 


If the wound heals aseptically, secondary suture of the tendon can 
be earned out at the end of a fortnight If it does not, the secondary 
suture must be postponed until the wound is soundly healed and all 
scar tissue arountf the tenefon must 6e excesuef af ttie operatiorr 
When a tendon has been divided the proximal end retracts and 
there may be a considerable gap For example, if a flexor tendon of 
one of the fingers is divided in the palm the proximal end may retract 
to above the level of the annular ligament A small longitudinal 
incision should be made at the site of the injury and the distal end 
found , if the proximal end is not thus made visible, a separate 
incision should be made in the line of the tendon above the annular 
ligament and the tendon identified and freed A suture is then inserted^ 
in Its extrcmitx , and bj passing the end of the thread along tlie sheath 
beneath the annular ligament the tendon can be drawn down until it 
meets the distal end A similar method should be adopted, when 
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possible, if the tendon is divided opposite one of the phalanges and 
the proximal end has retracted into the palm; The tendon should be 
relped as much as possible by position ; for example, by flexing the 
^^Tlst and fingers in the case of the flexor tendons of the hand bv 
extending them m the case of the extensors. In freeing a tendon and 
bnnging it into position for suture, the greatest care should be taken 
to do as little damage as possible to the surrounding tissues and to the 
meso-tendon. In suturing a tendon which has been recently divided, 
none of the tendon should be cut away ; in suturing one which has 
been divided long enough for a bulbous end to have formed, the surface 
of the bulb should be pared so as to leave 
a raw area. The best suture material is linen 
thread. No. 60 being used for all small tendons 
and No. 40 or 20 for large tendons such as the 
tendo Achillis and the tendon of the quadriceps. 
Catgut and kangaroo tendon, being prepared 
with chemicals, are irritating and more apt to 
produce adhesions. Method of suturing are 
shown in Figs. 56 and 57. It is useless to 
surround a sutured tendon with any form of 
artificially - prepared membrane. Such sub- 
stances. far from preventing adhesions, cause 
increas^ fibrosis by acting as foreign bodies. 
When the tendon possesses a sheath ^is should 
be allowed to fall into place and be sutured with 
fine catgut, if this is possible wthout making it 
unduly tight, but it is often best simply to leave 
57 —Method of sutur- the sutured tendon free and to allow it to be 
ing tendons. A separate covered by the surrounding fat. Tendons un- 
thread is P«sed backwards doubtedly work themselves free most easilv 
and forwards through each , ^ . t '• 

end of the tendon. The when they he in fatty tissue. An example is 
ends of the thread pea- seen in cas€s of tendon transplantation in u’hich 
jectingfrom theend of the Jq -[Jjgij- new 

tendon enable the latter to ... , , , . 

be pulled upon without fear position through the subcutaneous tissue, 
of the thread cutting out. After suture of the wound the part should be 
fixed in a position which relaxes all tension on 
the divided tendon, and this position must be retained for sue weeks. 
Any tension upon the tendon during this time is almost certain to 
cause re-rupture or over-stretching. The prognosis in cases in which 
tendons have been sutured depends upon the tendon divided and the 
point of division as well as upon the success and cleanliness iri th ivhfch 
it has been sutured. The extensor tendons of the wrist and fingers 
and of the toes, the tibial tendons, peronei and tendo Achillis all give 
a good prognosis. But the flexor tendons of the fingers and toes do 
.not do well In fact the flexor tendons of the fingers and thumb 
seldom recover proper function when they have been divided distal to 
the annular ligament. Divisions of the flexor tendons of the wrist and 
of the fingers abov^e the annular ligament do better. 
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After su weeks the injured part should be treated by massage, 
faradic stimulation of the muscles, and exercises to restore functional 
use but even after this time, care should be taken that no undue 
strain is put on the tendon At the time of operation an extreme 
position has often to be adopted in order to relax tension upon the 
tendon If this position is retained for the full six weeks it may be 
difficult to correct it subsequently It is therefore advisable to alter 
the splinting gradually after three weeks For example, if after suture 
of the tendo AchiUis the foot has been fixed in a position of full 
plantar flexion m plaster of Pans, at the end of three weeks the 
plaster is cut and its posterior part used as a splint which can be 
padded under the fore part of the foot, which is thus gradually 
dorsiflexed up to the right-angled position The upper limb may be 
used at the end of six weeks but the lower limb should not be used 
until mobility has returned Thus after suture of the quadnceps 
tendon, the patient should only be allowed to ^valk with a splint on 
the knee until flexion up to tlw ngbt angle has been restored and in 
the case of the tendo Achilhs he should only walk upon the foot when 
it will dorsiflex to the nght angle If this principle is not adhered to, 
a sudden strain maj overstretch or re-rupture the tendon 

RECONSTRUCTION OF TENDONS 

In a tendon which has been damaged some time previously, there 
may be found a considerable gap between the ends, or such a gap may 
be left when the tendon has been dissected free from adhesions, and it 
may be impossible in consequence to bring the ends into sufficiently 
close apposition for suture In this case an attempt may bo made to 
reconstruct the tendon by a strip of fascia or by another tendon In 
reconstructing a tendon with fascia a strip of sufficient w idth is removed 
from the fascia lata , one end of this is fixed to the distal end of the 
tendon by passing it through a small hole in the latter and suturing 
proximal and distal to this aperture The other end of the fascia is 
then sutured to the proximal end of the tendon m a similar manner, 
with sufficient tension to bring the joints into the position in which 
they he when the muscle is contracted In some cases, instead of 
attempting to reconstruct a tendon, it may be adiisable to utilize a 
neighbouring tendon to cany on the function , for example, in the case 
of the peronei if one tendon is intact and the other missing, the proxi- 
mal and distal ends of the damaged tendon may be sutured to the 
sound one so that the two muscles act as one 

TENDON-TRANSPLANTATION 

In tendon-transplantation the insertion of a muscle is altered m 
order to restore some lost function, or m order to alter the balance of 
muscles in one or more particular groups For example, in trans- 
plantation of the flexor carpi radiahs into the extensor muscles of tlie 
thumb, the object of the transplantation is to restore tlie power of 



168 


OPERATIONS ON TENDONS 

acti\e extension and abduction In transplantation of the tendon of 
the tibialis anticus to the cuboid an endeavour is made to correct the 
balance of the muscles on the extensor aspect of the foot comerting a 
muscle \\hich uas an imertor of the foot into an evertor but leaMn'^ 
it ith its ongmal action of dorsiflexion ^ 

In planning transplantation of tendons certam broad principles must 
be observed — 

1 It must be possible to spare the transplanted muscle from its 

ongmal action 

2 It must be possible to bnng the tendon in a straight or fairlj 

straight line to its new point of attachment 

3 The transplanted muscle must be strong enough to cany out its 

new u ork 

4 The transplanted muscle must be capable of re education so that 

It may carry out its new function 

The fast of these pomts reqmres further consideration as many 
failures are due to a lack of consideration of the possibihty of educatmg 
the nerve centres to cany out the movement required from the trans 
planted muscle It must be remembered that centres of voluntarj 
movement represent particular movements rather than particular 
muscle actions in other words when the message from the cerebral 
centre passing to the antenor tibial group of muscles directs them to 
dorsiflex the foot it does not direct any indmdual muscle to contract 
It IS therefore extremely difficult to reeducate the nerve<entre m 
such a way as to produce dorsiilexion of the foot by a muscle which is 
normally a plantar flexor Probably for this reason transplantation 
of the peroneus longus (which is a plantar flexor) across the front of 
the foot to the inner side is a failure because in the new position the 
peroneus longus is a dorsiflexor and it w ill refuse to w ork automatical!) 
m common with the other dorsiflexors In the upper limb mdivndual 
re-education is easier because movements of the wnst and hand are 
more definitely voluntary and purposive than are those of the foot 
When the pronator radii teres is transplanted into the extensors of 
the carpus it is not difficult to teach the patient that by attempting 
to pronate his forearm he will extend the wnst A common trans 
plantation is to transfer one or other of the flexors of the carpus into 
the extensors of the fingers In this case the transplanted muscle is 
one which normally acts synergically with, those muscles into which it 
is bemg transplanted for when the extensors of the fingers are in 
action the flexors of the wnst are at the same time contracting m order 
to keep the wnst fixed Re-education of movement is therefore 
comparatively e^y 

One further point in transplantation is important Phj'siological 
investigation tends to show that certain muscles whicli are used m 
mamtaming the erect position’have a special form of continuous 
activity which has been named postural activitj Tins form of 
action is most highl) dev eloped in such muscles as the erector spina 
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glutei quidnceps extensor femons wd those of the calf It consists 
of a continuous tome contraction which in other muscles \\ ould produce 
rapid fatigue and itisprobablyproduced b) a special nen ous mechan 
ism The transplantation of other muscles into this group is likely to 
fail particular!} if opposing muscles are selected For this reason 
transplantation of anj one of the hamstrings into the quadriceps 
extensor femons has universally proved a failure 
The following general pnnciples of technique for transplanting a 
tendon may be laid don n — 

1 The tendon should be divided at a point uhich allows of a length 
ample for the tendon to reach its new destination This may or may 
not mean that it has to be taken at its insertion It is very incon 
venient to divide some tendons close to their insertions in the case 
of other tendons e g tibialis anticus it is essential to do so 



Fig 58 — ^Tran$pUntat onoC tendon by passing it through aperture m rec p ent 
tendon and suturing it at po nt ot perforat on and beyond 

2 When the tendon is being divided the surgeon sliould consider 
w bother or not it is necessary to replace its action by attaclung the 
distal end to some other tendon This is only occasionally necessary 
as for example in the case of the extensor longus haUucis The com 
plete Joss of action of this tendon leads to a drop of the last phalanx 
of the great toe 

3 Tlie transplanted tendon must be brought into proper line for its 
new insertion 

4 It must be sutured under sufficient tension for example in 
transplanting the tibiahs anticus to the outer side of the foot tlie foot 
must be held everted and the tendon stretched tight while the fixation 
is made In transplanting a carpal flexor into the extensors of the 
fingers the wrist and the fingers must be hefd dorsiflexecf and both 
the transplanted tendon and the extensors of the fingers kept m 
moderate tension during the suture 
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5 The suture must be secure' Two chief methods are empIo\ed 

(1) Tendon ttih tendon — ^Tlus is best earned out by leaving intact 
the tendon into which the transplantation is being made, and s'utunng 
the transplanted tendon into it by the method m which one tendon 
passes through a slit m the other and is sutured at the point of passace 
and beyond (Fig 58) 

(2) Tendon into bone — Either (a) a tendon is laid m a slit made in 
the penosteum and sutured to the latter, which is closed over it , or 
(6) the transplanted tendon is taken w ith a small piece of bone from 
its original attachment and this piece of bone is fixed m a bony groov e 
cut at Its new point of attachment , or (c) the bone is drilled at the new 
point of attachment, the tendon passed through the aperture and 
sutured back to itself 

Special Transplantations 

Transplantation for musculo-spira) paralysis. — In complete musculo 
spiral paralysis in the forearm, the functional disability can be 
remedied to a large extent by tendon transplantation The object of 
the transplantation is to restore the abilitj to extend the wnst-jomt, 
and to enable the patient to extend his fingers and thumb and thus 
completely open his gnp without the wTist at the same time becoming 
flexed The operation now usually performed is earned out as follows 

An incision is first made on the radial side of the middle of the fore* 
arm Through this the tendons of the extensor carpi radialis longtor 
and brevior are exposed cleared, and bfted backwards, the supinator 
longus being displaced fonvards Under cover of these muscles the 
tendon of the pronator radii teres is found attached obliquel> to the 
radius This is lifted off the shaft of the bone by cutting along each 
side of it and stnpping with a penosteal elevator A Kocher s forceps 
IS fixed upon each radial extensor in the upper part of the wound, and 
the tendons of these muscles are pierced with a knife at a slighti} lower 
level The tendon ol the pronator mdn teres is then passed through the 
openings in the two extensor tendons An assistant keeps the wTist 
extended and tension upon the distal extremities of the two extensor 
tendons by puUing upon the Kocher's forceps The tendon of the pro- 
nator radu teres is then stitched to the extensor tendons at the points 
at which it pierced them a fine curved needle threaded with Iso 60 
thread being used At least two stitches should be inserted m the 
tendon and if there is sufficient length of pronator radu teres available, 
a further suture should be made between this tendon and the extensor 
carpi radialis brevior beyond the point at which it pierces the latter 
This wound can now be sutured A second and smaller incision is made 
in front of the middle of the wnst, the flexor carpi radialis tendon being 
divided close to the annular ligament Through another small inasion 
in the middle of the front of the forearm this tendon is pulled out w itb 
a hook. A fourth incision is made up the ulnar border of the front of 
the forearm The tendon of the flexor carpi ulnans is cut close to its 
attachment to the pisiform bone, and the muscle is stopped from the 
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ulna for 8 in up the forearm A curved incision is made at the back 
of the 'wnst, extending from the middle line to the radial border, and 
thence for H in up the radial side of the forearm Through this the 
extensor ossis metacarpi 3 Xillicis, extensor brevis pollicis, extensor 
longus polUcis, extensor communis digitorum and extensores' mdicis 
and minimi digiti are identified and cleared above the annular ligament 
at the back of the wnst A long fine pair of Kocher s forceps is passed 
through this incision subcutaneously, first to the incision in the middle 
of the front of the forearm, and the tendon of the flexor carpi radialis 
pulled through, and secondly to the incision on the ulnar border, the 
tendon of the flexor carpi ulnans being pulled through The tendon of 
the flexor carpi radiajis is then passed through slits m the tendons of 
the extensor ossis metacarpi polhcis and extensor brevis polhcis, the 
thumb being extended and abducted and tension made on all the 
tendons Suture is made as m the case of the pronator radii teres The 
flexor caipi ulnans is passed from the ulnar to the radial side through 
the extensor minimi digiti extensor communis, extensor indicis and 
extensor longus polhcis tendons and sutured to these, the fingers being 
held fully extended The wounds are sutured, and the hand is fixed 
upon a long cock-up splint wth the thumb abducted 

Active movements may be commenced as soon as the wound is 
healed, provided the surgeon feels that his sutures are secure, but the 
splint should be maintained m place for six weeks for fear of any con- 
tinuous or severe tension coming upon points of suture Re education 
will be required for only a few weeks afterwards, the patient's own 
efforts being almost sufficient 

Transplantation for partial musculo-spiral paralysis.— This operation 
should not be done if the palmans longus is absent One muscle must 
be left to act as a flexor of the wmst and the one transplanted must, 
therefore, be attached to the abductors and extensors of the thumb and 
to the extensors of the fingers It sometimes happens that only certain 
of the extensor muscles need to be replaced It may then be possible 
to transplant m such a way as to give mdtvidual control of particular 
movements A good example is an injury of the middle of the back 
of the forearm, involving paralysis of the three thumb extensors, but 
leaving intact the extensors of the carpus and the extensor commums 
digitonim In such a case the flexor carpi radialis, supinator longus, 
and extensor catpi radialis longior may be transplanted into the 
extensor ossis metacarpi polhcis, extensor brevns polhas, and extensor 
longus polhcis respectively The technique of the operation docs not 
differ essentially from that already described Re-ediication of indi- 
vidual mov emtnts of the separate joints of the thumb is possible after 
this operation 

Transplantation of the sartorius Into the quadriceps extensor cruris.— 
Various operations have been earned out for the relief of paraly sis of the 
quadriceps extensor cruns muscle Reasons have already been given 
why transplantation of the hamstnngs into the patella is a failure 
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The sartonus, on the other hand, does act sj'nergically with the 
rectus femons, and can be made to work as an extensor of the knee 
It must not be expected, ho\\e\er, that it will be strong enough to 
hold the knee from flexing further when the v. eight is placed upon the 
joint m the position of slight flexion The most that can be expected 
of a transplanted sartonus is that it will have sufficient power to swng 
the knee into an extended position in which it is stable without muscular 
activity 

This transplantation should be made of muscle into bone A curved 
incision IS made down the inner side of the thigh, round the inner border 
of the patella to the tubercle of the tibia and a flap of skin turned out- 
wards The sartonus muscle is found in the wound, traced down to 
its tendon, and cut away from the tibia It is separated from the 
surrounding structures as far as 3 in above the upper border of the 
patella, and brought into fresh abgnment with the antenor surface of 
the latter bone The penosteum on the surface on the patella is cut 
through vertically and stnpped back, the tendinous part of the rectus 
being separated A groove is then cut m the antenor surface of the 
bone, and the sartonus laid in this groove and sutured to the rectus 
tendon and to the penosteum of the patella, the knee being kept full> 
extended A \ ery secure suture can be established, and for this reason 
active mov ements may be commenced as soon as the wound has healed, 
but full flexion of the knee should only be allowed to come gradually 
at the end of six or eight weeks 

Transplantation of the flexores longus hallucis and digitorum and 
of the peronei into the tendo Achillis. — Reinforcement of the gas- 
trocnemius and soleus by transplantation of other muscles which arc 
flexors of the foot is a useful procedure in talipes calcaneus It is, 
however, most often combined with fixation of the tendo AchiUis, 
and often also with arthrodesis of the subastragaloid and midtarsal 
joints A long incision is made over the lower third of the back of the 
leg m the middle line extending nght dowm to the back of the heel 
Through this the tendo Achdlis is exposed and its sheath opened 
On the inner side an incision in the deep surface of the latter sheath 
will expose the tendon of the flexor longus hallucis as it winds round 
the groove in the astragalus This tendon is pulled up Irom the sole 
as far as possible the foot being plantar flexed, and the tendon divided 
at as low a level as can be reached The flexor longus digitorum is 
then sought farther forward m front of the posterior tibial nerve and 
V essels, and this also is divided as it enters the sole On the outer side 
the two peroneal tendons are similarly found and divided at the point 
at which they wind round the external malleolus A small incision is 
made m the centre of the tendo AchiUis at the point at which it is 
attached to the os calcis Through this a pair of Kochers forceps is 
pushed through to the deep aspect, brought out on the inner side, and 
the tendons of the flexor longushallucis and the flexor longus digitorum 
are brought out through the tendon Similarly, the peronei are passed 
through it from the outer side Each tendon in turn is sutured with 
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ane thread to the deep surface of the tendo Achilhs, and then beyond 
the opening in the latter to its surface The tendons are again sutured 
to the tendo Achillis, where it is attached to the os calcis The foot is 
held in the plantar Hexed position, and each tendon drawn as tight as 
possible at the moment of suture The foot is Hved in the plantar- 
fle\ed position in plaster of Pans or on a splint, and this position main- 
tained for a period of at least six weeks 

Transplantation of the tibialis anticus into the 5th metatarsal. 
— In persistent paralytic talipes varus iwth paral> sis of the peroneal 
muscles, this transplantation will often restore the balance between 
the invertors and evertors of the foot An incision is first made on the 
side of the foot over the base of the first metatarsal bone The loner 
part of the tendon of the tibialis anticus is cleared and its bony insertion 
cut awaj ^\lth a chisel, a small piece of the base of the first metatarsal 
being left attached to the tendon A second incision is made in the 
middle hne of the leg just above the ankle joint , through this the 
tendon is pulled out with a hook A tlurd incision on the outer side of 
the foot exposes the base of the 5th metatarsal bone and the insertion 
of the peroneus brevis Through this last incision a fine pair of 
Kocher s forceps is passed up sut^taneous!^ to the incision above the 
ankle the track thus made dilated witli forceps and the tendon of the 
tibialis anticus drawn dov-m through it A small oblique mcision in 
the periosteum of the metatarsal exposes the bone, m which a groove is 
cut with a chisel and m this groove is laid the bony fragment attached 
to the end of the tibialis tendon while the foot is held dorsiflexed and 
everted The tendon is then sutured to the periosteum of the meta- 
tarsal and to the peroneus brevis 
tendon with fine thread When the 
skin incisions have been sutured the 
foot is fixed in the dorsiflexed and 
everted position m plaster of Paris 
which IS maintained for a period 
of SIX weeks 

Transplantation of the extensor 
longus hallucis into the neck of the 
first metatarsal hone. (Tig 69 ) — 

Tins operation is often done for pcs 
cavus wath clawing of the great toe, 
which is hyperextended at the 
metatarso - phalangeal joint and 
flexed at the interphalangeal joint 
A straight incision is made extend 
ing from the head of the first 
metatarsal bone along its dorsal 
aspect in the line of the extensor 
tendon Tlirough this the extensor 
longus hallucis tendon is exposed, 
cleared, and divided at the point 





Fie 59 — Transplantation ol exttnsor Ion 
gua hallucis into neck of first metatarsal 
bone by passage through tunnel m bone , 
distal end of tendon is sutured to eirtensor 
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^\here it begins to expand as it passes to the base of tlie phalanx 
This expansion should then be sutured to the tendon of the extensor 
brevis in order that the latter ma> prevent dropping of the terminal 
phalanx The neck of the first metatarsal bone is cleared on its dorsal 
and inner aspects and dnlled on these surfaces the two dnll holes 
meeting in the medulla of the bone The termination of the tendon is 
then doubl> pierced vvath thread and the latter passed through the hole 
in the bone bj a fullj curved aneur>sm needle the tendon being thus 
threaded through the neck of the first metatarsal bone The end ol 
the tendon is looped back and sutured securelj at the point at which 
it enters the bone The foot should be held m the dorsiflcxed position 
for SIX weeks Tlie tendon of the extensor longus hallucis ma> be 
sutured in this wa> to any part of the shaft of the first metatarsal bone 
In pes cavus with bad clawnng of the toes a similar operation may 
be performed on each metatarsal bone except the 5tli where there is 
only one tendon nght across the foot Alternative!} an mci ion 
may be made in the middle of the dorsum of the foot and the four 
tendons of the extensor communis passed through an opening dnlled 
in the external cuneiform and sutured at this point (Hibbs s operation) 

TENDON-SHORTENING AND TENDON-FIXATION 


Shortening a tendon which is overstretched through paraljsis 
15 \ ery unlikely to produce any pennanent benefit Practical!} the < nl} 
conditions for which tendon shortening is useful are those in winch the 
tendon has been ruptured or divided and has been allowed to unite 
VMthout adequate support so that it is ovcrlengthened—for example 
after traumatic rupture of the tendo Achillis which has been treated 


without fixation 

In small tendons shortening ma> be earned out b} taking an actual 
fold of the tendon and sutunng the edges together at two points In 
a large tendon such as the tend© Achilhs the best method of shortening 

IS to make a Y shaped 
■ ISTllir WUilFl \ incision and to ‘iuturc m 

, I I/// j 11 11*/ I the shape of i V so that 

I n/ '. IjVf I the tendon Is shortened 

jtl] I 1 ( \ b\ an amount equal to 

, \ I V the vertical limb of the 

! , K 4 -jr Y (I IS fO) Alter 

iV/l V C.h A 11 i ^ ) wards fixation for six 
Y ' ] j / weeks is nectssar} asm 

/I . I I ) j \ / anv other tendon 

I ' ' \ I \/ B\ tendon-fixation i> 

/ \ 1 / j I meant the procedure b} 

I M’ -•} y 1 'lillll J which the tendon of a 

V tU *i / / ^ muscle is 'cparatcd from 

^ the muscle in viholi rr 

F g 6o — Op«fat on lor shorten ng tendo AchtH s bj a j<. 

Y ihjprf meu on * dircctU !o 1 bone v) 
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that thereafter it acts as a ligament Fixation of the tendo 
Achillis for paralytic talipes calcaneus may be taken as an example 
For this operation a vertical incision is made over the lower third 
of the tendo Achilhs in the middle line The tendon is exposed 
and cleared from its surroundingfs and a stnp is separated from 
the rest of the tendon and muscle from a point about H m above 
its insertion upwards as far as it consists of good strong tendinous, 
fibres At this point it is cut through so that a stnp of strong 
tendon ^ in broad is left attached below but free above The whole 
tendo AchiUis is now retracted to the outer side the flexor longus 
hallucis under cover of it exposed and lifted from the back of the lower 
end of the tibia a ^ertlcal incision is made m the periosteum of the 
tibia and the bone cleared with an elevator Two separate dnll holes 
are made into the medulla of the tibia as far apart as the width of the 
postenor surface of the bone will allow The strip of tendo Achillis is 
now passed through these drill holes by means of an aneurysm needle 
and a thread firmly attached to the extremity of the tendinous stnp 
The foot IS plantar flexed to an angle of 110 degrees the stnp of tendon 
drawn tight passed through the small aperture in the mam tendon as 
near as possible to its lower end and securely sutured there The sheath 
of the tendon and the skin are then sutured and the foot fixed m the 
plantar flexed position Fixation is maintained for a penod of three 
months By means of this operation the stnp of tendon used is con 
verted into a postenor ligament which prevents dorsiflexion of the 
ankle The remainder of the tendon is left with its normal function 
if any active muscle remams 

Fixation of the pcronei — Fixation of the peronei may be earned 
out for paralysis of these muscles with persistent talipes varus It is 
not likely to be successful in infantile paralysis because the tendons 
are as a rule too much atrophied to take on the function of ligaments 
It may be however a useful operation in certain cases of traumatic 
paralysis of the musculo cutaneous part of the external popliteal nerv e 
An incision is made ov er the Fibular shaft in its lower third the bone is 
drilled and the tendons of one or both the peronei are cut aw ay from the 
miisde passed though the opening m the bone drawn tight while the 
foot IS held flexed and abducted and sutured securely to themselves 

GANGLIA 

Ganglia are of twp sorts simple and compound The simple ganglia 
are found on the dorsal surfaces of tlie hand and foot and occasionally 
in the neighbourhood of )omts for example of the knee joint and of the 
metatarso phalangeal joints of the big toe Tliey consist of a thm 
fibrous sac with a lining of endothelial tissue and contain a clear ghirj 
fluid Their operative treatment consists m a careful excision of the 
whole of the sac every portion of which must be removed search being 
made for outlying portions If any of the latter arc mi>sed the 
ganglion is almost certain to return 
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Ganglia are sometimes assoaatcd with c>stic clianrit m the svnovj \\ 
membrane of a joint, and really consist of protrusions of such sjnonil 
cjsts — ^Jlorrant Baker’s c\sts Thc\ mav be found at a considtrablt 
distance from the joint, and are then onlj connected with it b\ a 
narrow track Such ganglia arc found connected with the mctatar>o* 
phalangeal joint of the great toe. with the knee-joint, and witli the 
supenor tibio-fibular joint If the connection with tlie joint 
unrecognized the ganghon will recur after remo\ al If it is recognized, 
it should be traced to the joint, which should be opened and the cj-stic 
sjnoMal membrane removed 

Compound ganglia are found usually on tlie flexor and extensor 
aspects of the WTist Thej arc chrome inflammatory swellings of the 
tendon sheaths \Vhen such a compound ganglion, for example, on the 
dorsum of the wnst, is explored, it wall be found that there is granu- 
lomatous material in\ol\ing the tendon sheath and the mtso-tmdons 
and possibly infiltrating some of the tendons themsches All this m 
flammatory tissue must be dissected away carefully, nght up to tlie 
tendon fibres It is best to do this through tw o incisions, one abo\ c, the 
otherbclow.theannularligamcnt By pulling the tendons upwards and 
dowTiwards the inflammatory tissue lyang beneath this hgimcnt can be 
removed without division of the ligament itself The tissue thus 
removed is sometimes found to be tuberculous, but in many cases it 
prov es to be chronic granuloma of unknown cause After removal of a 
compound ganglion the wnst should be rested for five or six, weeks until 
the wound is perfectly healed, but during this tunc the tendons them* 
selves should be rolled gently in their grooves 



CHAPTER Vr 

AMPUTATIONS 

By the late R. C ELMSUE, O-BX 

The object of an amputation is the removal of a limb or part of a 
limb, on account of an injury or disease The level at which an 
amputation is carried out must, m the main, depend upon the condition 
of the parts to be removed, but in modem surgeiy it also depends 
upon the function desired in the remaining stump Tins function 
differs in the upper and the loner limb 
In the lower limb the stump must be capable of beanng weight in 
standing and walking, either directly or through the intervention of 
an artificial leg or foot In fact, in modem surgery the level at which 
an amputation of the lower limb is earned out and the method of 
amputating depends largely upon the possibility of supplying a good 
prosthetic appliance to the resulting stump A knowledge of the 
methods of fitting artificial limbs and of their mechanics is essential 
to a proper consideration of the best methods of amputating 
In the upper hmb the function of a stump is entirely different It 
may itself be useful, either for supporting or for handling and moving 
an object, or it may be capable of use for the transmission of movement 
to an artificial arm, or to an appliance used instead of an atm As a 
support for an artificial ami, the function of the stump is not to bear 
weight, but to transmit movement The points of pressure are, 
therefore, quite different in fact, the problems presented by amputa- 
tion in the upper and the lower hmb arc entirely dissimilar, and must 
be considered separately 

If an amputation is earned out under such conditions that healing 
by primary union is almost certain, it is natural to suppose that the 
amputation which wiU remove the diseased or damaged part and wiH 
leave the best possible functional use m the remaining stump will be 
earned out immediately, so that no further surgical treatment of the 
stump IS required Such an amputation may be called a final amputa- 
tion, and should be so designed as to give an ideal stump suitable in 
every way for a prosthetic appliance Tlie full rounded stumps which 
used to be considered so satisfactory arc not now looked upon with 
favour by the artificial leg makere As <a result of the enormous 
expenence following the 1914-38 Want has been found that a tapenng 
stump with the bone end well covered by skin free from scar is much 
easier to fit with a prosthesis If there is a possibility or a probability 
of sepsis ansing in the amputation wound, secondary' operations for 
177 
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drainage removal of necrosed bone orre-amputationuTllverj probabh 
be required This ma> result in a shortening of the stump or m an 
interference ^^th the position of scars and covenng of the bone as 
onginall> designed Such an amputation ma> be called a pnmarv 
amputation because it does not leave the stump in its final condition 
Amputations which are suitable for final operations are not neccssanlv 
suitable for primary operations and v-icc versa It will be most con 
venient to consider first those amputations which give the best 
functional stumps and which are therefore the idea! final amputations 
next to consider the methods of amputating as a prchminarj measure 
in the presence of sepsis and finally to consider methoda of re 
amputating where thej differ from those already described as final 
amputations 

AMPUTATIONS IN THE LOWER LIMB 

In the lower limb it does not follow that the maximum possible 
amount should be saved Length of stump up to a certain point is an 
advantage be>ond that jwint it 
may be onl> an embarrassment 
Forexample an amputation through 
(he middfc third of the /eg is tasil> 
and comfortabl) fitted wiUi an artt 
ficial limb An amputation through 
the lower third of the leg makes 
the bucket of the artificial hmb 
clums> and bulk) round the ankle 
without giving an) compensator) 
advantage In amputation at this 
level the end of the stump is nearlv 
alwajs c)anoscd and tends to ulcer 
ate There are therefore both 
medianical and surgical reasons 
agiinst tlie retention of an) part of 
the tibia be)ond the middle third 
unless the amputation can be earned 
out at the level of the ankle-joint 
An artificial leg cames the weight 
of tlie bod) transmitted through 
certain points termed beanng points 
Some stumps can transmit weight 
bv direct pressure upon their cx 
trcmitv when this is po^ible the stump is said to be capable of 
end bcartns In other cases theweight must be transmitted b) pressure 
of the bucket of the artificial hmb against the bone around the joint 
above the level of the amputation— that is to sav in an amputation 
through the leg the beanng is taken upon the head of the tibia and 
lower margin of the patella I««inng) In amputation through 
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the thigh the bearing is taken on the tuberosit> of the ischium 
{tschial bearing) (Fig 61 ) 

The factors which tend to render end bearing possible are — 

1 A covenng of skm which is accustomed to pressure such as 

the skin of the heel or the skin over the front of the Knee 

2 A division of the bone at a level where it is cancellous rather 

than at a level where there is a medullary cavity 

8 A covenng over the end of the bone of fibrous or areolar tissue, 
which forms a certain amount of padding 

End beanng may be complete le the entire bodyweight jnay be 
transmissible through the end of the stump or it may be partial 
the stump being capable of bearing only a part of the weight, the rest 
of which IS transmitted 
through a tibial or ischial 
bearing End beanng is 
an important function in a 
stump so that amputations 
which yield partial or com 
plete end bearing are to be 
favoured unless* there are 
other contra - indications 
The skin in the regions upon 
which other beanngs— tibial 
or ischial — are taken should 
if possible be sound and 
unscarred A painless linear 
scar over them does not 
matter , but an e'ctensive 
and particularly an adher- 
ent, scar prevents a beanng 
being taken at that point 
A scar on the end of the 
stump IS for this reason un 
desirable and this fact makes 
amputation hy a single flap preferable to other methods 

Flaps. (Figs 62 G8 fA ) — ^The simplest form of amputation is the 
circular method in which the skin is severed by a transverse circular 
incision, retracted upwards a little the muscles and bone being cut 
directly across at a higher level Suture of such a flap wall obviously 
leave a terminal scar In some cases such a method does not give a 
sufiicient evposure The addition of a single longitudinal incision on 
one or other side of the hmb allows, better evposure. and convert> 
a circular amputation into amputation by a transverse racket incision 
The addition of a second longitudinal incision on the opposite side of 
the hmb produces amputation b> equal antero posterior or lateral flap' 
Any of these again yields a terminal scar A second simple method 
of amputation is by an oblique arcular incision evtcndmg lower on 



Fig 6z — Amputation Ijy circular and oblique 
elliptic incisions 
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one aspect of the limb than on the opposite aspect. This again mav 
be converted into an oblique racket incision and into amputation by 
unequal flaps by the addition of one, or t«'o, longitudinal incisions. 
Other fundamental methods of designing flaps are to cut unequal 
rectangular or semicircular flaps on the antero-posterior or lateral 
aspects of the limb, or to cut a single long flap from one-half the 
circumference which covers over the entire end of the stump. It has 
been generally stated that the total length of the flaps should be equal 
to one and a half times the diameter of the limb at the level of section 
of the bone. This rule appears to have been drawn up in the days 
of pre-antiseptic surgerj’ and to have persisted long after it should 
have become obsolete. \\’hen a stump took a Jong time to heal b}' 

, _ granulation, great retraction 

< took place and long flaps 



'. 63. — Amputatjon bj tra(UT«n« racket and 
equal antero-postenor flaps. 


were necessarj*. In amputa- 
(' tions in which asepsis is 
I secured the total length of 
'I the flap or flaps need never 
.%*, be more than the diameter 

^ of the limb, at the point of 

•q section of the bone, and 

y may, when the skin is supple 

I and easily stretclied— as in 

f the thigh — be even shorter, 

j In the final stump the aim 

I should be to get the skin 

I fitting snugly over the end 

'\ without undue tension, but 

A also without any redund- 

•) anc>’' or c-tcessive mobility 

' of the soft parts upon the 

bone. The de.sire to get a 
closely-fitting end to the 
stump, and a scar at the 


margin (either anterior, posterior, or lateral) leads to a preference for 
axaputaiirin by the single "flap^ the comets of which are rounded^ 
and the length of which is not greater than the diameter of the limb 
at the point of division of the bone Directions for amputation often 
include the cutting of flaps by methods of transfi.xion of the limb, 
the knife cutting longitudinally dowm the limb and then being 
turned to come out upon the surface. Such a transfi.xion method Is 
a relic of pre-anaisthctic surgen,- and was dictated by the desire to cut 
a flap in the shortest possible time. It is now quite obsolete. A 
flap should alwa\s be marked out carefully with the scalpel and 
dissected up as it would be in any other operation. 

Tbere is some difference of opinion on the adrisability of includ- 
ing muscles in the flaps used to co%'cr the end of a stump. A flap which 
includes mucli muscle is certainly undesirable, and the attachment of 
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tendons into the flap should be a\oided for, although the skin over 
the end of the stump should be mobile, there ought to be no possible 
active mobility On the other hand, in certain situations, if a flap 
IS of skin only, the muscles being divided at the level of section of 
the bone, the muscles retract greatly, leaving a prominent bone end 
v\hich mahes the stump conical This is undesirable * The best rule 
IS that the flap itself should consist of skin only but that m situations 
—as for e’cample, in the thigh— where a conical stump is hkely to 
anse, portions of some of the muscles should be preserved and sutured 
over the end of the bone so that they become adherent to it and cannot 
retract 


Dealing ^Ylth the bone \ 
and periosteum. — The 


bone must be divided ac 
curately m a plane trans 
verse to the longitudinal 
axis of the hmb. so as to 
give a flat, level surface 
If the shape of the bone 
at the point of section 
leaves a prominent angle 
under the skin, this should 
be rounded off Consider- 
able attention has been 
paid to methods of deal 
ing with the periosteum 
and It IS now generally 
recognized that it is best 
to leave the end of the 
bone bare The penos 




teum IS divided arcularly 
and stripped downivards 
The bone is 'then cut 


Fig 64 — Amputation \>j equal and unequal semi 
circular anterp posterior flaps 


through at a lower level so that its last half inch is left uncovered by 
periosteum The end of the bone becomes slight!) rounded and 
sclerosed, and where a medullai) cavit) is present, it becomes filled 
with a bony plug There is no profluction of new penostcal bone 
around and consequently no thickening and spur-formation If 
infection of the wound is probable, the periosteum and bone should 


be divided at the same lev el 


Arrest of bleeding. — In all amputations eveept such minor ones 
as those of the toes and fingers a tourniquet should be used whenever 
possible As soon as the bone has been severed and the amputated 
part removed, the nnm vessels are picked up with Spencer Wells 
forceps and tied with fine catgut, the tourniquet being then removed 
Additional bleeding points arc picked up and tied It is eS'-cntial 
to arrest bleeding as complete!) as possible It ib a good thing, after 
ligature of all possible bleeding points to bathe the wound wath stenle 


•Tb«Uml>-in-ikrT*oll«.a> doiot tpbjftt Wjr Upfnnj tluntp — I 1 tot 
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nonnal saline solution at ISO" F to arrest oozing Onlj absorbable 
ligatures should be used in an amputation silk or other non absorbable 
matenal is \er) apt to give nse to a sinus at a late stage or it ina\ 
produce fibrosis vvath the formation of a painful nodule 

Dealing with the nencs — ^The nerves divided at the amputation 
must be so dealt with as to avoid painful stump When a nerve 
IS divided the axis-cjlindere grow out from the proximal end and if 
there is no penpheral end into which the> can extend thej mav 
wander in the tissues adhere and produce a diffuse sensitiveness of a 
part of the stump If it is possible to confine these new axis-cj Imders 
within the nerve itself a neuroma or end bulb is formed v\hich is not 
adherent but maj for a time be sensitive The formation of such an 
end bulb is mevatable The aim 
of the operator should be to make 
sure that the bulb lies m a pro- 
tected position is not adherent 
and particular!} is not con 
nccted with the surrounding tIs^sue 
b> outgrowing axis-cvlinders 
The best method of treatment of 
each nerve m an amputation w 
Fig 65 —Method of trealmg nerve Ift am bv (1) pulling thcnen CWcU down 
putaton bp .t crushinj it wth an appendix 

clamp or a strong pair of arterv 
forceps (2) hgatunng the nerve with catgut at the point crushed (a 
large nerve should be transfixed and ligatured) (8) divading the none 
just below the ligature (Fig fa) By this method the nerve is 
shortened so that Us end lies awa> from the termination of the 
stump the axis-c}hnders are divadcd wathm the sheath b} crushing 
and the ligature tends to keep the neuroma inside the nerve sheath 



Sutures — WTien the vessels and nerves have 
been dealt vMth thewoundisread} forsuture 
In most amputations simple mferrupted 
sutures should be used WTien there is ten 
sjon on the flap mattress-sutures in v\hich 
the loop IS passed ov er a small piece of india 
rubber tube and the knot simihrl} protected 
(Tig 66) ma> be serviceable and permit an 
amount of tension which would otherwise be 
harmful 

Drainage — It has been thecustom to dram 
all amputation wounds for 24 to 48 hours 
B} this means it was hoped to avoid hxma 
toma an important complication because it 
ma} lead to the re opening of the whole or a 
part of the wound and consequent intcrfer 
cnee with the nature and mobihtj of the 



F,g — Mil rtu iJturv 
pAUfd and tied oTc peceief 
indu nibber tubing 
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eventual scar Expenence has shown however, that drainage does not 
absolutely prevent the formation of a hamatoma. and moreo\ er that in 
many amputations it is not only unnecessary but undesirable from the 
point of \'iew of the subsequent scar Each case should therefore be 
judged individually If with careful hjemostasis the surface of the wound 
has been left dry, and there seems no reason to expect much oozing, the 
wound may be closed completely Interrupted sutures allow the exit 
of blood and a hajmatoma is not likely to arise unless some larger 
vessel begins to bleed If there is a considerable area of cut muscles 
drainage is desirable , the tube should then be 
removed ivithin 48 hours If ahsmatoma does 
occur it IS generally advisable to re-open the * 
whole wound, clear out the clot and re suture 
It IS desirable to keep the stump at rest 
for the first week or ten days This can usually 
be accomphshed by allowing it to he upon a 
pillow to which it may be tied A spimt holds 
the proximal joint m a \ery ngid position 
which may be painful, and may cause pres 
sure on the end of the stump As soon as ^ 
healing has occurred, movements must be 
earned out in the proximal joint A loss of 
normal range of mobility m the joint above 
an amputation is a frequent and serious cause 
of difficulty in the use of an artificial hmb 
\Vhen an artificial limb is not suppbed at an 
early stage, there is a tendency for the patient 
to keep this joint fixed — for example, to keep 
the knee or hip flexed , then, when an attempt 
is made to fit a hmb later, the movements of 
full extension may have become impossible 
Movements, and active use of the stump and 



sometimes massage are therefore required as Fig 67 —a, Amputation of 
early as possible 

AMPOTATro^s or the Foot 


Amputation of the toes. — Amputation of the m<i n”e iws*lt"n^l wiwht* w* 
last phalanx of a toe is frequently required 

on account of painful corns or painful nails m a deformed toe It is 
the most satisfactorj operation for recurrent ingroivmg loe-nail and 
for onychogryphosis, and is best earned out by a single phntar flap 
(Fig 67, A ) A tranSNerse dorsal incision is made immediately behind 
tlie nail, through a line which marks the level of the intcrphahngc'd 
joint The plantar flap includes all the skin on the plantar aspect of 
the toe. except the extreme tip The phalanx is then enucleated 
and the flap sutured in position 

It IS not advisable to perform partial amputations of the outer four 
toes through the first mterphalangeal joint, or through the first and 
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second phalanges The stump remaining is useless and ma\ be a 
nuisance Amputation through the metatarso-phalangeal joint (Ti" 
67 B) IS often required the best method is hy lateral flaps For the 
great toe the flap taken from the inner side should be the larger and 
the incision should be earned farther back on the dorsal than on the 
plantar surface so that the scar lies on the dorsal surface and au aj from 
the margm of the foot For the middle three toes the flaps should be 
equal the incision agam being earned farther back on the dorsal than 
on the plantar surface The incistoiu> should be earned right dowm to 
the bone and the base of the first phalanx enucleated uith a small 



F g 68 — Lisfranc s amputat on. 

A Ou InM o( Sip*. B Knbod of diarttcsIaCiDe ban 
donal fsrbce. 


bladed scalpel 

Amputation of anj single toe 
(mcluding the great toe) leaves 
the remammg toes as useful parts 
of tlie foot Amputation of two 
toes maj leave the remaining toes 
useful provided that they are 
mobile and under control But 
when the second and third toes 
have to be amputated there is 
much tendency for the great and 
fourth and fifth toes to become 
deformed \\Tien three toes have 
to be amputated it is usually 
better to sacrifice all The meta 
tarsal heads constitute one of the 
mam bearing pomts of the foot 
and should be preserv ed vvhenev er 
possible 

Ampulation at the tarso>inctafar 
sal joints — Lisfranc s operation 
(Fig 68) IS a disarticulation 
through the tarso-metatarsal 
jomts the ends of the cuboid and 
cuneiforms being covered bj a 
long plantar flap which extends 
forwards to the line of the roots 


of the toes In Hey s modification 
disarticulation of the second metatarsal bone is not completed but 
this bone is saw n across Either of these operations requires a vxr> 
long flap which is seldom available The resultant stumps are good 
but not eas} to fit wath an artificial foot Tliese amputations will 
seldom be indicated 

Amputation through the tarsus —Chopart s amputation is a dis 
articulation of the midtarsal jomt covered with a plantar flip cut 
as far forward as the baU of the toe This amputation requires a 
long flap so that it is not often possible As ordmanlv earned out 
it has the great disadvantage of leaving the attachments of two strong 
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tendons— the tendo AchiUjs and the ftbiahs posticus-both of them 
plantar flexors, and the latter an mvertor of the foot The peroneal 
muscles and extensors of the foot lose their attachments, so that the 
stump, consisting of the astragalus and os calcis, invariably becomes 
contracted into an equmo-vanis position, the weight falls upon its 
antero external aspect, and is painful and difficult to fit with an 
artificial foot Although the divided tendons can be re-attached m an 
attempt to prevent this contracture, the stump is never as satisfactory 
as that of an amputation through the lower end of the tibia and fibula 

Subastragaloid amputation is a disarticulation of the foot through 
the calcaneo astragaloid and astragalo scaphoid joints, the stump being 
covered by an intemaLpIantar flap This amputation is rarely possible, 
and leaves a stump which is also less satisfactory than that about to 
be described 

Amputation through the lower end of the tibia and fibula.— The 
classical amputation at this level is named after Syme , the bones arc 
divided just above the anUe joint and covered with a skm flap taken 
from the posterior part of the heel When this operation is successful 
it yields an excellent stump, which is capable of complete end bearing, 
so that the patient can jump out of bed and walk across his room in 
the morning w ithout having to put on his artificnl foot or use crutches 
Moreover a cheap stump boot, known as an elephant boot can be 
fitted, and in this the patient can often walk ten or twelve miles It 
has, however, certain objectionable features The end of the stump 
IS bulbous, so that it cannot be slipped into a tapering socket but must 
have made for it a leather socket whicli fastens with cither a lace or 


a zip fastener Moreover, the stump is so long that it does not lea\e 
sufficient clearance to allow the makers to fit an ordinary type of 
anUe-joint in the artificial foot, and the necessity for the special 
type of socket and the external ankle-joint subject the end of the stump 
to friction, with the result that sooner or later it is usually rubbed sore 
Turther, the operation is frequently carried out badly or on unsuitable 
cases, so that an unsound stump results For these reasons many 
limb fitters and some surgeons have urged that the operation should 
be abandoned The advantage that the stump is completely end- 
bearing and can be walked upon without an> appliance is, howe^er, 
very great, and the modification . ^ j 

described below retains this ad- | 1 U 1 

vantage while avoiding the dis- j jl i\ i 

advantages j n \ y V. 

Modified Syme’s operation — The /* V 

patient lies on the back, a tour- / 
niquot being applied round the (i 

thigh and a sand bag placed be j / ’’CSZl' ^"^7^ 

hind the lower third of the leg 
Tlie surgeon Stands opposite the ^ 

end of the table An elliptical in- Fig S^—ElhpUcal Incision m modified 
Cision IS made (Fig starting Ssrme * operation 
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m the case of the right foot, on the outer side of the heel | in in front 
of the point of the heel It is earned upu ards o\ er the tip of the external 
raalleolous across the front of the anlJe about 1 in above the joint Ime, 
do^\ m\ ards i in in front and below the internal malleolus and across 
the underpart of the heel to meet the commencement of the incision 
This incision should be earned nght down to the bone throughout Jn 
the left foot the mcision is started on the inner side and earned round 
in the reverse direction An ordinary strong scalpel or a Syme’s foot 
knife may be u«ed for this mitial masion The rest of the operation 
IS best earned out with a short, strong scalpel The ankle-jomt is 
opened from the front the surgeon grasping the 
foot and forcibly plantar flexing it (Fig 70 ) The 
scalpel IS inserted between the astragalus and each 
malleQlus m turn, and the lateral ligaments of the 
ankle are divided by cutting downw eirds from wathin 
out Further plantar flexion of the foot enables 
the postenor ligaments of the ankle-joint to be 
divided and the top of the os calcis exposed By 
carefully cuttmg close to the bone, the tendo Achillis 
and the heel pad of fat are stnpped from the os 
calcis which IS thus shelled out of Its bed Through- 
out this stage of the operation care roust be taken 
to keep clo«e to the bone and to ax oid interference 
with the postenor tibial artery m the inner part 
of the flap For the next stage of the operation 
the surgeon goes to the nght hand side of the operat 
mg table He div ides the penosteum of the surface 
of the tibia | m aboxe the Ime of the ankle joint 
and stnps the bone upwards until it is clear on all 
sides The flap being carefully retracted, the tibia 
and fibula arc sawn across one inch abox e the high 
ankle joint The saw -cut must be 
^on’t^ough anl^ stnctly at nght angles to the long axis of the leg 
joint carried out from Each tendon in turn is drawn down and cut short 
the dorsal surface antenor tibial and musculo-cutaneous nerxes 

are cru«ihed ligatured and cut short The plantar nerxes are dis 
sected from the flap traced up mto the postenor tibial nerxe well 
abox e the lex el at w hich the bone is cut, and this nerx e is crushed 
and ligatured The plantar xessels antenor tibial xessels, and long 
saphenous xem require ligature \\'hen all hemorrhage has been 
stopped the flap u. sutured in position Dramage may be carried 
out at both inner and outer angles of the wound for two or more 
days but if the wound is dry it may be left undramed In an un 
compheated case the patient can usually bear weight upon the stump 

m four weeks , , , o. . x i 

This operation differs from the clas«:ical Symie s operation m sexeral 

particulars — 

1 The skm flap is smaller 




LEG AMPUTATIONS 187 

2 The dissection is carried out from the dorsal instead of from the 
plantar surface 

3 The fjbia and fibula are divided at a higher level 

The smaller flap and higher division of the bone render the stump 
much less bulbous than m the classical amputation and leav'e sufficient 
clearance to allow the fitting of an orduiarj ankle ]omt The stump 
should be fitted into a completely enclosing leather bucket which 
fastens with a zip fastener and is suspended inside a wooden or metal 
socket of an artificial limb of the ordinary below knee pe Fnction 
IS thus avoided and the stump remains sound It is however com 
pletely end bearmg 

The amputation can only be earned out when the skin of the heel 
IS intact and unscarred It is sometimes advised that when the outer 
side of the heel has been damaged an mtemal flap should be used 
Practical!} however un 
less the operation can be 
earned out as desenbed 
the stump will not be so 
satisfactor} as that of an 
amputation through the 
middle third of the leg 
These irregular amputa 
tions about the ankle are 
therefore inadvisable 
Some surgeons recom 
mend drainage by punc 
ture of the middle of the 
flap This is very in 
advisable as it leaves a 
scar in the middle of the 
w eight beanng surface 

In Pirogoff s operation the tubcrosit} of the os calcis is kept m the 
heel flap and made to adhere to the end of the tibia It is in fact 
an osteoplastic amputation (Fig 71 ) 

In Watson s operation the whole os calcis is retained and shaped 
so that It fits between the malleoli the articular surface of the ankle 
joint being removed Neither of these operations presents an} 
advantage over that above described and it is more difficult to fit an 
artificial foot to the resulting stump 

Amputations TiiRouni thc Leg 
The stump left by an amputation through the leg cames weight 
chiefly by a beanng of the lowrer margin of the patella and head of the 
tibia upon the upper part of the bucket of the artificial limb The 
part of the stump below this is only of use as a ic\er to transmit 
movement to the artificial hmb Tlie leverage thus supplied is better 
with a large stump than with a short one but there is a fimif to the 
useful length A stump measuring about 7 in from the upper articular 
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surface of the tibia gives the maximum of utilitv A «:tumn which is 
longer than this requires an unduly thick lower part to the artificial 
leg, so that it may be impossible to make an ankle svmmetncal with 
that of the normal leg Apart from this lesthetic reason there is a 
surgical reason, in that the circulation is defective m stumps left b\’ 
amputation through the lower third of the leg. the skm over the lower 
end of the stump often bemg congested and ulceratmg easilj For 
these reasons, amputations through the lower third of the leg should 
not be performed An amputation through the upper third of the leg 
was formerl) called *' amputation at the seat of election ” The reason 
for this name was that in an amputation at this level the knee can 
be flexed at a nght angle and a kmeelmg artificial limb fitted, in which 
the entire weight is transmitted through the front of the knee Such 
artificial limbs are now obsolete, except in cases of ankylosis of the 
knee-jomt, and occasionallj in other cases in vvluch for geographical 



Fjg 73 — Method of testing abilitr of a stump below knee bf traction upon the flexed knee 

or other reasons it is impossible to fit bj better methods Tlie name 
“ amputation at the seat of election ” should, therefore, be aboh^bed 
It IS possible to utilize the natural knee-jomt in the artificial limb even 
when the stump is verj short The only necessit> is that the stump 
should be long enough to project be>ond the thigh at the back when 
it is flexed to a nght angle (Fig 72 ) If the knee can be flexed to a 
nght angle and a finger hooked round the back of the projecting 
stump, it will be possible to fit an artificial limb bucket which will 
mamtam its position as the knee swings It will be found that a stump 
containing onlv 2 m of tibia, or possiblj even less, is thus useful 
The best amputation of the leg is through the middle third, preserving 
5| in of tibia, and above this level all possible length should be 
preserved up to li m of tibia Bevond this pomt an amputation 
above the knee will be the correct procedure 
Amputation through the middle third of the leg is best earned out 
with a single antenor flap (Fig 73). equal m length to the diameter 
of the lunb and equal m width to one-half the circumference of the 
hmb at the pomt of section of the bone This flap is marked out, 
with rounded comers, and is reflected with an ordmar 3 large scalpel 
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A second incision joining the upper extremities of the bsse of the Hap 
surrounds the back of the hmb and divides ever> thing down to the 
bone The anterior flap being reflected, the muscles and interosseous 
membrane are divided and the periosteum of the tibia and fibula 
divided circularly and stripped up for | m In sawing through the 
bone, great care must be taken to divide the fibula at a level at least 
as high as that of the tibia A projecting fibula is a great nuisance 
It IS a good rule to divide the fibula first , nevt, holding the saw 
obhquelj , to shave off the sharp antenor angle of the tibia and then 
to divide the tibia transvemelj at a level 
^ m below that at which the fibula has 
been cut through The anterior and pos 
tenor tibial and peroneal artenes and 
saphenous veins require ligature The 
antenor and posterior tibial ner\es and 
the musculo cutaneous nerve should be 
shortened, ligatured, and divided The 

flap IS then stitched being made to fit 
snugly over the end oi the bone, the 
wound being drained for twenty-four hours 

The operation above described cIoseI> 
resembles that recommended by Lister 
When skin is not available upon the antenor 
surface of the leg the flap may be almost 
equally well cut from the postenor surface 
or from one lateral surface The advantage 
of the anterior flap is that it leaves no 
scar over the anterior margin of the tibia 
It IS unnecessary to include muscle m an\ 
of these flaps If there is insufficient skin 
for a single flap without shortening the 
stump, antenor and postenor or lateral 
flinc mnxr hp iic*.fl 73 —Amputation through 

Haps may be used , , , ,, roiddle third ot kg by antenor 

Other amputations through the midaie flap the sharp anterior margin 
third of the leg, such as those of Farabeuf, of the tibia « rounded oft wth a 
who used a long antero external muscular pre immary saw cu 
flap, and Bier, who advocates an osteoplastic method, are now onls 
of histoncal interest 

Amputations through the upper third of the tibia require no additional 
description, except that the length of the stump is so important that 
flaps should be cut in whatexer way will allow the greatest length of 
bone to be preserved A hooded flap is useful (Fig 71) An incision 
is made from the middle line of tlie front of the leg, curvnng outwards 
and slightly downwards around each lateral aspect of the hmb m turn, 
and finishing by passing \ ertically upwards to a point in the middle line 
of the calf, about 2 in above the antenor commencing point Lateral 
flaps are thus left which, when they fall into place, leave a posterior 
scar In very short amputations there is a tendency for the fibula to 
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become abducted from the tibia Total remo\aI of the fibula is the 
best aj of pre\ enting this and this procedure has other adv-antages— 
(1) that the head of the fibula will not bear pressure in the artificial 
limb bucket and (2) that its removal w ill sometimes enable the available 
skin to cov er a <ightl> longer stump than could other\\ ise be preserv ed 
In short amputations of the 1^ the internal and external popliteal 
nerv es should be divided well up in the popliteal space 
Disarticulation at the knee-joint —This classical amputation n. now 
seldom indicated It has disadvantages both from the suigeon s and 
from the hmb-fitters pomt of view which m the opinion of many 
entirely contra indicate it If a disarticulation through the knee is to 
yield a really good stump it must be entirely end bearing and cov ered 
with perfectly healthy skin Owmg to the size of the condyles of the 
femur it is seldom that the necessary flaps can be provided in injury 
cases* It has been advocated for 
gangrene of the foot but m such 
cases the flaps are likely to slough 
In malignant disease of the tibia the 
preservation of large flaps from be 
low the knee may increase the pos- 
«ibility of recurrence These surgical 
reasons leav e v ery few cases for w hich 
the amputation is suitable The 
objections to the amputation from 
the limb-fitters point of vnew are 
that the stump is larger at its lower 
extremitv than at a short distance 
up and that it does not taper The 
bucket must therefore be made partly 
at any rate of leather or some 'amilar 
matenal laced up in front after the 
insertion of the stump The knee joint must be provnded by external 
steel joints which are much weaker than a joint that consists of a 
bolt passing nght through the artificial knee When a leather bucket 
with external steel joints has to be readjusted this entire section of 
the limb must be remade for if the leather bucket is made to fit 
more closelv upon a shrinking stump simply by lacmg it more tightly 



fig 74 — ^Amputation through upper end 
of tibia bj lateral mitre shaped flaps 
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sloping backivards at a level 2 m beloM the most prominent part of 
the condyle of the femur, and then passing upwards into the middle 
of the popliteal space A similar flap is cut on the inner side, and 
the two flaps, of skin only, are reflected up to the joint level The 
ligamentum patellai is divided m its low er part and the upper margin 
of the tibia exposed The capsule of the jomt and lateral ligaments 
are divided circularly, leaving the semilunar cartilages attached to the 
tibia The crucial ligaments are cut through, and the whole of the 
contents of the popliteal space divided directly with a few sweeps of 
the knife The popliteal vessels and the upper articular and sural 
branches require ligature The popliteal nerves, long saphenous nerv^e 
and internal cutaneous nerve must be shortened Fhe flaps are then 
stitched into place, and drained for forty eight hours 

The classical definition of the pomt for commencing the flaps as the 
tubercle of the tibia cannot be retained, for the operation is advocated 
chiefly for cases in which the tibia is absent In cutting the flaps the 
important pomt is to start the incision in front at so low a level that 
tlie scar, when it has retracted, will be situated entirely at the back 
of the stump and will not encroach on the weight-be«'inng surface A 
simple antenor flap equal m length to the diameter of the limb at the 
level of the femoral condyles yields an equally satisfactory stump In 
Stephen Smith's original operation the semilunar cartilages were left 
in the stump This is said to be advantageous m that the) will help 
to leave a flatter surface and to pad the end of the stump Actuall) , 
they retract backwards to the posterior aspect of the condj les, and arc 
better removed 

Amputations through the condyles of the femur. — These amputa- 
tions need only be mentioned, as thej' are obsolete In Carden s 
amputation the bone is divided at the level of the adductor tubercle 
and covered with an anterior flap containing the patelh In the 
Stokes Gntti amputation tlie femur is divided at a <5lightly higher 
level, the patella is retained Us deep surface being sawn off and the 
remaining part fixed across the end of the femur , again an anterior • 
flap IS used Tlie advantages claimed for these amputations arc that 
they are end-bearing and that they retain a great lengtli of femur for 
use as a lever m moving the artificial limb Actually, the second 
pomt is a disadvantage, because the length of the stump interferes 
with the fitting of a strong tyqie of artificial knee joint The retention 
of a part of the condyles of the femur makes the stump bulbous at Us 
extremity and necessitates a leatlier or partially-leather bucket with 
external steels, as m disarticulation through the knee For these 
reasons .an amputation through the femoral ‘shaft at a level of 2} m 
above the articular margin is to be preferred 

Amputation through the lower end of the shaft of the femur. — ^Tlns 
amputation is to be preferred m cases of injury in which none of the 
tibia can be preserved , m gangrene of the foot or leg , m malignant 
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Amputation through the thigh —In amputation through the thigh 
at a higher level the stump should be kept as long a‘5 is consistent 
with the condition necessitating amputation The ideal length is 
101 inches measured from the tip of the great trochanter TIic 
procedure adopted is identical with that m the amputation list 
desenbed making allowance:^ for differences of level ^ulTicicnt 
portions of the antenor and postenor muscles should be retained to 
enable them to be sutured over the end of the stump This ipphes 
to any amputation up to the middle of the thigh Above this 1 l\( 1 
the extensne attacliments of the vastus intemus and c\terniis to the 
bone render retraction less marked and there is no longer in\ neccssit\ 
for the retention of muscle m the flap 
In amputation, through the middle of the femoral shaft there is a 
tendency to the formation of a spur from the cut end of the Imea 
aspera This spur usnall_} extends backward upward and inward in 
the attachment of the adductor muscles To prevent this the 
periosteum should be removed from the femur for J m abo\e the 
level at which the bone is divided and the mnscalar attachments to 
the linea aspera separated from the bone for an additional iiith 
Disarticulation at the hip joint — Disarticulation at the hij>-joint 
ma) be indicated m injuries involving severe damage to the femur 



high up m its, shaft in extensive necrosis of the femur in certain 
cases of tuberculous disease of the hip joint with evtensivt suppuration 
and lardaceoiis disca'^c and in sarcoma of the femur It is an 
operation which nccessanlv mvolves coiibidcrablc shock and m which 
owing to the impossibihtv of using a toumuiuct the amst if 
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hemorrhage may be difficult B> adoptmg a method in which the 
femoral vessels are ligatured early the loss of blood can, ho^rever, be 
reduced to a mimmum , and the shock, resulting from the amputation 
of so large a part and from division of the sciatic nerve, is not necessarily 
dangerous In fact disarticulation at the hipjomt m a patient 
whose prebmmar} condition is good is not an operation accompanied 
with any excessive nsk The operation of choice is that in which 
most of the gluteal and other muscles are remov ed and a smooth and 
compact stump is left (Fig 76) Sfefhods which leave a loose, 
mobile stump make it verj difficult to fit a suitable artificial limb 


^ ■« The classical amputations are the Fur- 

neaux-Jordan method, and amputation 
\ by a racket shaped mcision with the ver- 

L \ tical part m front Neither of these is 

ft ‘ satisfactorj from the pomt of fittmg an 
> artificial hmb, because the flap does not 
/\\ fit downri sufficient!) closel) to leave a 

' neat stump without redundant tissue 
/^\\^ The best method IS that advised b) Titr 

Maurice Kelly, in which the flap is taken 
1 yVX' behmd and the muscles are remov ed 

I V • \ almost entire!) 

\ V V Amputation atthe hip-jo>nt by a posterior 

\ \ \ " ’ flap (Figs 77. 78 ) — An antenor incision 

\» i /\ IS made through the skm, starting over 

' the adductors just below the inner end of 

y ij the fold of the groin, and extending up- 

\ I wards and outwards parallel wath Pou 

\ ^ . i part s ligament to above the great troc 

\ banter This incision is deepened until 

\ X the common femoral vessels arc found, 

1 I and they are hgatured and divided be- 

F.e 77-Anipuut.ojithtouEhhip twMn the ligafures The anterior crural 
joint by posterior fUp with pre- nerve IS at the Same time pulled dowai 
litnina^ ligature of femoral Tes crushed ligatured and divaded A pos 
sets through anterior memon . _ ^ 

tenor flap is marked out, sufficient in 
length to cover the stump without tension Its length at the maxi 
mum IS equal to the antero postenor diameter of the hmb at the 
level of the hip-jomt This flap is reflected upwards as a skm flap 
as far as the tuberositj of the ischium, the sciatic notch, and near!) 
as far as the crest of the ilium The amputation is then completed 
from the front all the muscles bemg divided close up to the pelv is 
and vessels hgatured as the) are met with The great sciatic 
small sciatic obturator and gluteal nerves are crushed. ligatured and 


divided close to their exits from the pelvis 

In amputations at the hip-jomt two methods of dealing with the 
femur may be adopted either the neck maj be diyided close up to 
the head leaying the head in the acetabulum or, when the hip-joint 
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has been opened from the front the head ma\ be forced out of the 
socket and the femur remo\ed entirely The former method is only 
suitable for amputations under aseptic conditions and when the head 
of the femur is intact it should not be adopted in amputation for 
sarcoma of the femur Its adi^ntage is that it leates a rather better 
surface to the stump Complete disarticulation is necessar\ m ampu 
tation for sarcoma or tuberculous disease of the hip-joint for cases 
of other infections of the hip and for injuries involving the head of 
tile femur If the head of the 
femunsleft caremustbe taken 
that no muscle remains m con 
tact with it for if a muscle be 
comes adherent to the cut bone 
it may subsequently disarticu 
late this from the acetabulum 
The wound mav be sutured 
with drainage redundant skm 
being cut away if necessary 
The remaining stump takes an 
artificial limb well the weight 
being borne chiefly by pressure 
on the tuberosity of the ischium 
but distributed to a slighter 
extent over the whole outer 
surface of the pelvis 

Various methods have been 
devised for controlling hasmo 
rrhage during disarticulation at 
the hip joint these include 
the use of transfixion pms 
(Wyeth) and of special clamps 
(the forceps tourniquet of Ly nn 

Thomas) If the ™putat.on ^ ^ ^ 

IS earned out by the above ,pg stump left when single poster or flap 
method these special mstru wused 

ments are unnecessary 

Fumeaux Jordan s operation (modified) — Tumcaux Jordan designed 
his method for cases in which it is necessary to carry out a rapid 
disarticulation mvolving as little shock and loss of blood as possible 
He first used it on a case of chrome osteomvehtis with smuscs and 
incomplete ankylosis of tlie liipjomt It is suitable for such cases 
and for old standmg tuberculosis of the hip joint but not for coses 
of sarcoma or for injuries in the region of the head and neck of the femur 

rumeaux Jordan first made a longitudinal incision doum on to 
the femur so that he might explore the extent of the disease and 
decide whether to remove the ofiendmg bone ex«;ect the hip-jomt 
or amputate He then stnpped the femur dowm to the middle of the 
thigh dislocated the hip joml and completed the amputation bv 
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du ision of the skin and soft parts at the middle of the thigh Actu-ill\ 
since his time the operation has most often been earned out in the 
reverse order as desenbed below This method provnded that ampu 
tation has been decided on m advance facilitates control of the 
hicmorrhage and it preserves TumeauK Jordan s three principles 

(1) that the bone should be enucleated where it is most tlunl} covered 

(2) that the soft parts should be divaded at the middle of the thigh 
where thej are thinnest and (3) that the bulk} soft parts at the 
upper and inner part of the thigh should be left untouched The 
external iliac v essels are controlled bv a tourniquet pas-sed round the 
penneum and iliac crest and secured b} Wveths pins or digit'll 
pressure may be used {See p 482 ) 

A circular mcision is made round the thigh at tlie junction of its 
upper and middle thirds extendmg^ through skin fit and deep fascia 
These are drawn upwards and the circular mcision is carried down 
to the bone completel} round the limb The mam v essels and nen es 
are clamped ligatured and divided A vertical mcision is tlicn made 


down the antero-extemal aspect of the thigh extendmg from a pomt 
1 J in abov e the top of the great trochanter down as far as the circuhr 
incision Tins extends down to the bone which is then rapidh 
dissected awa} from all muscular attachments the knife being kept 
close to the bone which is stnpped subpenostealiv where possible 
The hip joint is exposed and the head of the femur disirticulated the 
entire bone being thus remov ed During this dissection bleeding points 
are picked up and ligatured as they are met with bleeding being ilso 
controlled b} packing and b} hot saline solution Tlie wound is 
sutured with drainage m the usual wa} 

The stump left bv this amputation is unsuitable for the fittmg of 
an artificial limb for which re-ampu 
tation will be necessarj but manj 
^ patients who have undergone ampu 

tation through the hip jomt prefer to 
do without an artificial limb and to 
depend on crutches 

In(cnnnomino>abdominal amputa 
tion — \mputition of the lower limb 
with the innominate bone has been 
earned out most often for cases of 
sarcoma of the pelvic bones or of 
the femur high up but occisionill} 
aL>o for tuberculous disease and for 
large innocent grow tbs of the jxlvis 

F,e 70 -In»nmo™»o .Mom.0.1 am •1'= "’'Ihod lx.lo« 

putatjon Diagram showing dTu on of require modification on account 01 
Pouparts igament and internal pilar jjjg nature Size and position of thc 
>>=« era''* ' "■ conyunciioii 
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with general anccsthesia should be used, and preparations should be 
made for blood transfusion, the blood being collected in advance 
and a vein exposed in the antecubital fossa ot the arm of the sound 
side. The transfusion can be commenced either at the outset or as 
soon as the mam vessels are divided, and continued slowly during the 
operation 

The patient is turned partially on to the sound side, uith a sandbag 
against the shoulder and another under the loNvcr part of the thigh 
of the affected side. When his position has to be altered during the 
operation the movement should be carried out slouly and carefully, 



Fipniueel by p<finutim IremCwlf* TmyhrsnJiytltf, Cni J^m Surf, 1931, »xil 

as it is apt to cause an alarming fall of blood-pressure. An incision 
is carried along the crest ol the ilium from belund the posterior superior 
spine to a point m below the antenor superior spine , it is con- 
tinued downw ards and inw ards, distal to the line of Poupart’s ligament, 
to a point over the adductor brevis 1 J in. below the inner end of that 
ligament. Poupart's ligament is exposed, the external iliac vessels 
are ligatured and divid^ beneath it, and Its inner and outer attach- 
ments are cut. The inner pillar of the external abdominal ring is 
divided and the spermatic cord can then be retracted upwards into 
a safe position The insertion of the rectus abdominis to the pubic 
bone is divided and, after the bone has been cleared on its superficial 
and deep aspects, the symphysis pubis is dh'idcd w ith a knife or a saw. 
If there is a neoplasm which extends on to the anterior aspect of the 
ilium, it may be advisable to separate the abdominal muscles from 
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the ihac crest and inspect the peritoneum oxer the line, fossa before 
the external iliac \essels are divided 
The patient is then gently turned further on to the sound side 
A second incision is made, starting at the mid point of the iliac crest 
earned vertically dovinu aids as far as the gluteal fold and then 
toUouing this fold around the uiner side of the top of the thigh to 
meet the extremity of the first uicision The gluteal muscles are 
^ded and the dorsum iln cleared well back towards the sacrum 
The ihac bone is then sawn through close to the sacrum , this is 
simpler and more expeditious than disarticulation at the sacro ihac 
]omt If neces^^ary, the small remaining piece of ilium can be detached 



Fig 8i — Ifiterumomino abdominal amputation The patient has been turned over to 
the sound side and the dorsum ihi sawn through The nerves and artenes requiring 

attention are shown, and the line of section of the psoas is indicated 
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afterwards If the attachments of the abdominal muscles to the ihac 
crest ha\ e not been divided earlier, this is now done The mnominate 
bone and the lower extremity can now be drawn away from the pehic 
peritoneum The lumbosacral cord, sacral nerves, and obturator 
nerve are identified injected with novocain and divnded The obtu 
rator artery gluteal, sciatic and mtemal pubic artenes are ligatured 
and div'ided The psoas muscle is cut through abov e the pelvnc brim 
care being taken to clear the ihac vessels from it Dunsion of the 
pynformis and lev'ator am and detachment of the ischio-cavemosus 
and crus perns from the ischio pubic ramus bberate the innominate 
bone When all bleeding has been controlled, the remams of the 
gluteal muscles and lev’ator am aie sutured to the abdominal muscles, 
to cover over the pelvnc pentoneum, and the skin is sutured with 
interrupted stitches No special after treatment is required, except 


AMPUTAHON OF FINGERS 


193 


the necessity to combat shock and to recognize that temporary 
retention of urine is common 

AMPUTATIONS IN THE UPPER LIMB 

As already mentioned, the function of an upper limb stump is quite 
different from that of a stump after amputation of the lower limb 
The former, particularly in the case of amputations below the elbow , 
may be useful without any artiffcial appliance An appliance is 
really a fool for holding and mo\ing objects The function of the 
stump IS to transmit movement rather than to bear weight Whereas 
m the lower limb it is often advisable to sacrifice an unnecessary 
amount of the limb m order to preserve a good weigh t-bcaring stump, 
in the upper hmb the rule that length should be preserved at all costs 
has very few exceptions Terminal or adherent scars are much less 
important than in the low er limb In fact, from the artificial limb 
point of view a terminal scar is the best but lateral flaps with a 
terminal scar have certain surgical objections— chiefly that such a 
scar often possesses a poor circulation and tends to ulcerate Any 
of the methods of cutting flaps may be utilized m the upper hmb 
the circular, elliptical, long and short antcropostenor or lateral and 
single antero»po5terior or lateral methods are all good, practicallj, 
the method of cutting flaps should depend upon the shm available 
As a rule, m the upper hmb muscles should be cut at the level of section 
of the bone and sutured over the bone-ends, for a two fold reason 

(1) that most of the muscles pass across tw o joints, and by giving them 
a new attachment their action on the upper joints can be preserved , 
and (2) that in the arm, and to a lesser extent m the forearm, there is 
a considerable tendency for them to retract and leav e a conical stump 
Vessels and nerves should be dealt with as m the lower hmb In the 
arm, sensitive bulbous ends on the nerves are a special difficulty, and 
It IS most important that the nerves should be adequately shortened, 
crushed, and ligatured 

Amputation of the fingers.— Amputation of the fingers or of parts 
of the fingers is usually required either for injury or for the results 
of septre mfeefrons ilfacfr may fre wndfen shout the sd^cs^xhihty of 
amputating a finger or part of a finger in individual cases Practically, 
however, in every case the first question is whether the finger, if it is 
loft, even if it is not itself useful, will interfere in any way with the 
utihtj of the rest of the hand If it will not, then the finger should, 
at least for the time being be preserved It may, m fact, be said 
that amputation of the finger or part of a finger is required (1) when, 
in cases of injury or sepsis it is dangerous to leave the part in place , 

(2) when the finger is useless or actually in the wav . (3) when it 
interferes wiUi the use of the rest of the hand 

In all doubtful cases tlic finger should be.tcmporanly preserved . 
it c.in always be amputated later There has been some difference 
of opinion on the retention of anv mdividinl plnlant, particularh 
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the first There need be no such difference of opinion E\er\ part 
of a finger is useful provided that its joints are mobile Some i riters 
maintain that m amputation proximal to the middle of the second 

phalanx the attachment ofthe flexor tendons IS lost and unless these 

tendons are re attached over the end of the stump an immobile stump 
remams This contention is only true of amputation through the base 
of the middle phalanx for the flexors of the first phalanx on the 
metacarpal bone are the mterossei and not the long flexor tendons 
When all three phalanges ha\ e to be sacrificed there ma> be a question 
■whether the metacarpal bone should be left mtact or not If the 
head of the metacarpal IS left a stronger hand remams andifadummj, 
finger is worn m the glove the look of the hand may be quite natural 
On the other hand the remoxal of the head of the metacarpal bone 
allow s the fingers to fall together and leaves the absence of one finger 
rather less noticeable The hand is however not so strong nor can 



Fig 82 — L«Te] of meUcarpo phalangeal and interphalangeal joints 
in relat on to creases of fingers 


an artificial finger be worn On the whole when a smgle finger is 
amputated it is better to lea\ e the bead of the metacarpal if possible 
When two or more fingers are amputated the same rule applies 
The stumps left by the retention of the heads of the metacarpals if 
they are mobile upon each other form an excellent pad for the oppo 
sition of the thumb and even after removal of all four fingers objects 


can be firmly clasped against this pad bj the thumb 

It IS important for the surgeon to realize the exact level of the 
interphalangeaJ and metacarpo phalangeal joints (Fig 82) The 
classical method of amputation at the terminal phalanx is as follow's — - 
The hand is held palm downwards the surgeon facing the end of 
the affected finger He grasps the tip of the finger with the left hand 
flexes the last phalanx to a right angle and with a narrow bladed 
kmfe cuts across the finger J m beyond the prominence at the point 
of bending This cut divides the dorsal half of the circumference of 
the finger and is earned nght into the mterphalangeal joint the 
dorsal and lateral ligaments bemg divided Tlie jomt is further 
flexed and the phalanx pulled fonianJ The knife can then be turne 
so that Its bhde hes panllel vvith the phalanx and a palmar flap 
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consisting of the pad of the finger is cut out. When this is of sufficient 
length, the knife is brought out on the palmar surface. The flap is 
sutured in position. As a rule, no vessels require ligature. This 
method is most often indicated in crushes of the dorsal aspect of the 
last phalanx, and in necrosis resulting from a whitlow. 

For amputation through the middle or first phalanx, or at the 
proximal interphalangeal joint, a palmar or dorsal flap, or lateral flaps, 
may be used. The skin-flap or flaps should first be cut, and the bone 
divided or the joint disarticulated, digital vessels ligatured and digital 
nerves shortened as in any other amputation. It is unnecessary to 
preserve the flexor tendons and suture them to the stump (1) because 
amputation through the middle 
phalanx proximal to the point 
of attachment of the flexor sub- 
limis tendons is undesirable, the 
resufffng stump being too short 
to be useful, and (2) because the 
first phalanx is flexed by the 
interossei. 

Amputation at the metacarpo- 
phalangeal joint is best carried 
out through a racket-shaped 
incision (Fig. 83), the circular 
part of which passes round the 
palmar aspect of the finger, level 
with the lower edge of the web, 
the vertical incision lying on the 
dorsal aspect over the middle of 
the head of the metacarpal bone. 

Alternatively, lateral flaps may 
be used, or, if necessary, a flap 
from cither dorsal or palmar *3-— Amputation through metacarpo- 

surface. It is important to pre- 
serve flaps of ample length, or 

a contraction of the scar may interfere u-jth free abduction of the 
neighbouring fingers. The flaps ha\'ing been cut. the extensor tendon 
is divided over the back of the joint, tlie joint opened from the doreal 
surface, and the phalanx disarticulated, the knife being kept close to 
the bone. The digital vessels require ligature and the digital nerves 
should be shortened. Drainage is unnecijssary unless the wound is 
likely to be infected. 

In the index finger it is better to use lateral flaps, cutting a longer 
flap from the radial side of the finger, tho incision on the ulnar side 
being carried close to the web between the index and second fingers. 
This will leave the scar in a more protected position. Similarly, in 
the little finger a longer flap should be cut from the ulnar side. 

Amputation of a finger with the metacarpal bone. — The removal of 
the finger with a portion of its metacarpal bone is not infrequently 
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required for injunes uhich ha\e imohed a fracture of the metacarpal 
w ith coincident inj ury of the flexor tendons of the finger If the tendon 
injur> has left a useless finger it ma> be ad\ triable to amputate but 
if the fracture of the metacarpal has united jn a uav which does 
not interfere with the function of the rest of the hand such an ampu 
^ best earned out through the metacarpo-phalangeal joint 
\\Tien the metacarpal bone is united with angulation or shortenmg 
or when non umon has resulted the remo\aI of a part of the meta 
carpal bone is ad\ isable Similarly it may be advisable to amputate 
a finger with a portion of its metacarpal bone in cases of tuberculous 
disease or osteomyelitis of the latter bone It is seldom if ever 
necessary to remove the entire metacarpal bone includmg its base 
The function of the hand is much less interfered with if the carpo- 
metacarpal joint can be left intact In mjunes which have involved 
amputation of the mdex and middle fingers and in which the meta 
carpal bones of these fingers have been damaged it is sometimes 
advisable to remove the greater part of these bones so that there is 
a wide cleft between the thumb and the nng finger A hand is left 
which resembles the congenital lobster claw deformity and which 
prov es V erj useful 

Amputation through a metacarpal bone is best earned out through 
a dorsal incision extending vertically along the length of the bone 
completed by an elhptical incision earned from the mid point of the 
dorsal aspect of the head of the metacarpal downwards just below 
the web of the finger circling the palmar aspect at the lower level 
of the w eb and earned back along the same line» on the opposite side 
of the finger The extensor tendon should be divided at the lev el at 
which It is injured or if it is uninjured at the level of the neck of 
the metacarpal bone This low division of the tendon is advisable 
because of the linking up of these exten>or tendons together on the 
dorsal aspect of the hand The metacarpal bone is then exposed by 
a vertic^ incision through its penosteum the latter is stopped 
back from the shaft the kmfe bemg used only to disarticulate the 
head and to complete the removal of the base of the first phalanx 
from the neighbouring tissues The metacarpal is then divided with 
bone forceps at the selected level and the flexor tendons are cut 
near the distal extremity of the wound The point of division of the 
metacarpal bone should be just proximal to a fracture or to anv area 
of disease If sepsis or tuberculous disease renders it inadvisable to 
preserv e the penosteum the amputation should be earned out m the 
same way but the metacarpal bone should be separated from its 
surroundings by careful dissection with the knife instead of by stnppmg 
the penosteum from it A subpenosteal remov al is the better me^od 
as It mterferes less with the rest of the hand It is particularly 
mdicated for the metacarpal bone of the middle finger because the 
attachment of the transverse head of the adductor muscle ot the 
thumb IS not mterfered vnth If the remov al of the entire metacarp^ 
bone is nece&,ary the incision must be earned a little farther towards 
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the wTist, and the base of the metacarpal carefully disarticulated from 
its attachments to the carpus and to the neighbounng metacarpal 
bones In these amputations the digital artenes and neiaes are 
found and dnided near the root of the web of the finger Except for 
veins on the dorsal aspect of the hand, no other vessels should require 
ligature Drainage is only necessary in cases of sepsis A splint 
should be applied for the first few days 

Amputation of the thumb — Preservation of the tliumb, or any 
portion of It. IS even more important than preservation of the fingers 
Anj part of the thumb, even if its remaining joints are stiff, is valuable 
In fact, partial amputation of the thumb is so rarelj called for that 
the textbook descriptions of set amputations seem almost undesirable 
AVhen the thumb must be amputated, it will be for injury or disease 
so severe that a set operation is verj unlikely' to be practicable Even 
then, every possible portion should be kept, the stump being covered 
with skm obtamed from any available part, or, if necessarj , taken by 
a pedicle graft from some other area 

The terminal phalanx of the thumb is removed m a manner cvactU 
similar to that desenbed for amputation of the same phalanx of a finger 
At the metacarpo phalangeal joint the be&t flap is one cut as long as 
possible from the palmar aspect, mth, if necessai^ , a short posterior 
flap , this will bnng the scar on to the posterior aspect of the stump, 
where it is least important In amputating through these joints, if 
possible, the attachments of the abductor pollicis, flexor brevis pollicis 
and adductores pollicis should be preserved suturing them over the 
head of the metacarpal bone to the extensor expansion on the back of 
the thumb 

Amputation of the thumb with the metacarpal bone is \erj seldom 
indicated, but when it cannot be avoided every possible portion of the 
bone should be preserved Formal amputation would be carried out 
by a racket-shaped mcision of which the vertical hmb is dorsal, the 
bone bemg removed bj a close dissection, leaving the muscles as far as 
possible , but such a formal amputation should seldom, if ever, be 
required 

Ampofhitfcwr tlroattgh (he csttjws attd inetacstijtcts. — injanes 
of the hand which necessitate the removal of all the fingers and the 
thumb, the retention of some of the metacarpal bones, or even of the 
carpus alone, is worth while jf skm is available to cover the stump It 
IS not possible to give instnictions for amputation in this region, 
because m each case the operation must be carried out m such a wa> as 
to retain as much as possible of the hand and to utilize all the skin 
available * It is particularU important to retain the attachments of 
the flexor and extensor muscles of the carpus to the bases of the 
metacarpal bones, and if the long flexor and extensor tendons of tin. 


• Whra JhrrebjjNs-nmucbliiM fljli«fr«ntt»ialiu lb«n« rin uh rt( tr cnvcml »l I 
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fingers are intact tliej also maj be retained and attached mto the bones 
of the stump These latter tendons should be picked up mth Kocher s 
forcep at mi earlj stage of the operation before they are compIeteU 
pt thrpgh or the} maj retract mto the forearm so that thev cannot 
be reached %vithout reflectmg the flap stiU further A stump In which 
the Nvnst joint and the first row of carpal bones are mtact mil pre 
sumabl} be mobile at the wnst and this stump can practicall} alnavs 
be used actively by the patient It may in addition be useful to 
work an artificial hand 


Disarticulation at the wist joint —This amputation is rarelv 
required but is a good one because tt leaies the infenor radio ulnar 
joint intact so that pronation and 
supination remam The operation 
is only mdicated in severe mjunes 
to the hand necessitatmg re 
mov al of all the digits and of the 
carpus and metacarpus and oc 
casionally in cases of disease 
(tuberculous or septic) mvolving 
the carpus or metacarpus exten 
sivel} but leaving the lower end 
of the radius and ulna undamaged 
Owing to the size of the lower end 
of the radius and ulna flaps of a 
considerable length are required 
and sufficient slnn may not be 
available ui cases which are other 
wise -suitable Although formal 
amputations are described they 
are Seldom possible owing to this 
difficulty of securing sufficient skm 
The best method when skm is available is to amputate by a smgle 
palmar flap (Fig 84 ) The mcision extends from the outer aspect 
of the styloid process of the radius obhquely across the base of the 
thumb as far as the root of the web between it and the index finger 
then transv ersely across the palm as far as the middle of the hy pothenar 
emmence and up the ulnar border of the hand to the sty loid process 
of the ulna The skm and subcutaneous tissue are reflected upwards 
as far £is the wnst jomt the pisiform bone bemg included m the flap 
but the flexor tendons bemg left behind Any remnants of the thenar 
and hy^othenar muscles should be removed from the flap The 
postenor incision joins the extremities of the base of the flap across 
the dorsum of the vmst The WTist joint is opened and disarticulated 
the entire carpus except* the pisiform bemg removed The s^loid 
processes of the radius and ulna should be cut off with a pair of bone 
forceps all tendons shortened and the median ulnar and radial 
nerves ligatured and dmded above the level of the wTiat joint inc 
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ilap IS then sutured wth drainage If the palmar skm is damaged, 
equal antero-postenor flaps or a dorsal flap may be used 

Anrputation of the forearm. — ^Amputation through the forearm is 
most hkel> to be required for extensive injunes m\oIvuig the wrist- 
jomt and hand, and for advanced tuberculous disease of the wnst As 
mucli of the forearm as possible should alwa} s be preserved * Muscles 
which nse above the elbow joint should, as a rule, be retamed and 
sutured across the ends of the bone flaps available may be used 

but as a terminal scans the best, equal antero postenororlateralflaps 
wth rounded outline are particularh suitable The skin of the forearm 
is soft and flexible so that short flaps mil suffice 

An amputation with equal antero posterior flaps is earned out as 
follows The limb is held out at right angles to the trunk, the forearm 
being fully supinated The flaps (semicircular in outline) are marked 
out and the skm reflected The muscles are divided circularly, just 
beyond the level of the base of the flaps They retract upwards 
slightlv, and the penosteum is then stripped up and the bones cut 
across at the level of the base of the flaps The vessels are tied, the 
median, ulnar, radial, and interosseous nerves ligatured and shortened, 
the flexor and extensor muscles sutured across the ends of the bone 
with a few catgut sutures, and the skm sutured with drainage In an 
amputation below the middle of the forearm, care should be taken to 
remove an> penosteum which might lie across between the bones, and 
to fix the stump, until it is completelv healed, upon a splint m a 
supinated position The object of this is to guard against fusion of the 
ends of the bones, which would abolish pronation and supination 

Amputation immediately below the elbow-joint. — An amputa- 
tion which leaves a ver3 short forearm stump has certam objections 
from the point of view of fitting an artificial limb When only about 
2 m of ulna remain, flexion of the arm at the elbow bnngs what was 
the distal end of the stump into the same line as the anterior surface 
of the arm. so that the forearm stump practically ceases to exist, and 
no artificial arm bucket can hold upon it \STien the stump is a little 
longer, le about 8 in of ulna a very small hold for the bucket remains, 
but, owing to the contraction of the musefes attached to the intemaf 
and external condy les of the humerus, tlie antero postenor diameter of 
this forearm stump increases as tJie elbow flexes, so that a bucket which 
fits well in the extended position is too tight when the elbow is flexed 
Because of this trouble, no amputation should be carried out which 
leaves less than 2 in of ulna When 3 in can be left, the amputation 
is useful m spite of the difficulty in fitting (Fig 85 ) It Ins been 
suggested that the forearm muscles should be cxsected at the time of 
the amputation or aftervi ards, but this inv olves considerable weakening 
of the stump It is better, therefore, to carry out this short forearm 
amputation m the ^arac wav as that recommended for amputations 
lower in the hmb 

• \nl6cijll nbmWrripre(«amiop«to7io 1 ih-oIrcran'K ICJ luf) 
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Amputation through the elbow-joint.— There has been some 
question whether amputation through the elbow-jomt is a good opera- 
tion or not Artificial limb makers rhslike it, because it interferes mth 
the strongest type of artificial elbow-jomt , but the shape of the stump 
nmch IS flat anteio-postenorly with prominent condyles on the inner 
and outer sides, gites a better hold to the artifinal limb and prevents 
it from rotating on the stump There is another objection, a surgical 
one. nainel> , that, owng to the size of the end of the bone, large flaps 
are necessary and are seldom available From the surgical point of 
view the ajnputation is suitable only for extensive injunes of the 
forearm in which less than 3 in of ulna can be preserved, and for 
mahgnant growths involving the lower part of the forearm In 
malignant growths high up m the forearm, sufficient healthy skin is 
not likely to be av’ailable 

Flaps maj be cut in any w&y which the available skm permits 
(Fig 86) a single postenor flap is as good a method as any To mark 



Fig 85 — Amputation through forearm 3 m below elbow by equal 
lateral flaps with circular dinsion of muscles 

out the flap the elbow is flexed to a right angle, the extreme points 
of the condyles of the humerus are fixed by the fingers of the left hand, 
and the knife is entered just m front of the pomt of one cond)Ie and 
earned downwards with a semicircular sweep acroK the back of the 
forearm to a corresponding point in front of the other condjle The 
length from the tip of the olecranon to the centre of the edge of the flap 
should be equal to the antero-postenor diameter of the arm opposite 
the centre of the antecubital fos»a The flap should be a httle longer 
on the inner side than on the outer, as the mner part of the lower end 
of the humerus projects lower down and is larger This flap is 
dissected up as a skin flap as far as the tip of the olecranon fhe 
elbow is then extended and a second inasion made joimng the 
extremities of the first and cumng down slightly into the nuddle 
of the antecubital fossa This antenor masion is earned through aU 
structures into the elbow joint The antenor part of the capsule 
and the lateral ligaments of the jomt are divided, and the forearm 
removed b\ dividing the attachment of the tnceps The brachial 
arterv and the termmations of the supenor and mfenor prolunda 
artenes. small anastomotic branches, and superficial veins, require 
hgature The median, ulnar, and museulo-spiral nerves must be well 
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shortened crushed and ligatured, and the terminations of the internal 
cutaneous and musculo-cutaneous nerves should also be sought TTie 
wound can then be sutured iwth drainage 

If a long anterior flap is used, it will be more convenient to dissect 
this back first, and then to disarticulate the elbow from the posterior 
aspect 

Amputation through the arm. — ^Amputation may be carried out 
through any point in the humerus * If less than 1 m of bone is left 
beyond the a^iUaiy folds, thestvmp iwll probably not hold an artificial 
limb With a mobile shonlder-joint, but a small remaining portion of the 
humerus should nevertheless be preserved, because this leaves the 
shoulders more symmetrical MTien the shoulder-jomt is disarticu- 
lated, the acromion process forms a sharp prominence which is both 



Fig S6 —Anterior and posterior flaps for amputation through elbow-joint 

Ugly and troublesome Amputation through the arm may be fcquired 
for injuries or for ne>N grow ths involving the upper part of the forcann, 
and for extensive disease of the elbow joint, whether tuberculous 
or septic 

Any flap may be used, but a circular amputation is as good as any 
Owing to the extensibility of the skin of the arm, \ery little bone need 
be sacrificed, as the»skm can be pulled down and sutured when the 
bone has been divided almost at the lev'cl of the skm incision The 
skin and muscles should be dixided down to the bone with one circuhr 
sweep, the periosteum stripped up for J in , and the bone tlien sawn 
across The brachial and profunda arteries and the Ixu-ihc and 
cephalic xeins require ligature, the median, ulnar, musculo spiral, 
musculo cutaneous and internal cutaneous ncr\ cs require shortening 
Disarticulation at the shooldcr-joint.— Disarticulation at the -shoulder- 
joint leaves a stump upon which an artificnl limb can onl> be fitted 
as an ornament Practically, amputation through the shoiildcr- 

• r« aflificUl Unt>» S bi tirlinr Uu? acroiii on hiVlwl wi'' {riJ. f) 
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joint IS required onl> m extensne compound injuries which destro\ 
the head of the humerus but lea\e available sKm capable of co\enng 
the stump and m malignant tumours of the humerus 
The flaps used to co\er a shoulder joint amputation must depend 
upon the shin a\ iihble Three classical methods are usually described , 
in all the incision is a rachet shaped one w ith the % ertical Irnib m front’ 
If skin IS a%ailable in the nght part the following modification of 
Spence s operation appears the simplest (Fig 87 ) The arm being 
slighti) abducted and rot-ited outwards a vertical mcision is made 
from the coracoid process in the line of the arm as far as the level of 



Fig 87 — Amputation through shouWer jo nt Fie 58 — Lines of incision in cutting flaps 
hr anterior racket shaped incision. for interscapulo thoracic amputation 


the anterior axiUarv fold It then curves outwards across the lower 
part Of the deltoid round the arm at the level of the postenor axillary 
fold across the axilla and back with a slight curve upwards to join 
the onginal vertical incision The antero internal flap is dissected 
back a short wa> and the pectorahs major dinded The axiUarj 
vessels are then found hgatured and divided between ligatures and 
the mam brachial nerves clamped hgatured and cut The postero 
external flap is dissected back the deltoid being retained m the flap 
The shoulder joint is opened from the front the long and short heads 
of the biceps being divided m the process The muscles attached 
to the tuberosities are cut and also those inserted into the biapital 
groove and its postenor margin The humerus is then removed 
bleeding vessels are hgatured and the flap sutured with drainage 
Retention of the deltoid leaves a shghtly more rounded shoulder than 
if it is removed 
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Tor a malignant growth of the upper end of the humerus it may be 
adequate to amputate at the shoulder-jomt instead of removing tlie 
entire upper extremity with the scapula In this case the same 
incision may be made, but the flaps should be dissected back superfi- 
cially, the pectorahs major divided well away from its insertion, and 
the deltoid removed with the limb If necessary, the glenoid cavity 
may be saivn off from the rest of the scapula, so that it and the capsule 
of the shoulder-joint are removed 

Fumeaux-Jordan s method of amputation at the shoulder jomt is 
smiilar to that of his amputation at the hip joint The racket-shaped 
incision is like that described, but extends slightly farther down the 
arm The arm is then amputated by a circular method at the level of 
this incision, and the upper end of the humerus removed by cutting 
close to the bone This operation has been recommended for cases of 
extensive osteomyelitis or necrosis of the humerus Such cases are 
now very rare, and it is doubtful whether Fumeaux-Jordan's method 
gives nse to less shock than the method previously described 

Interscapulo-tlioracic amputation. (Fig 88 )— Removal of the 
whole upper limb with the scapula is usually indicated m malignant 
disease of the upper end of the humerus involving the shoulder joint 
or the muscles around it or of the scapula itself The best method is 
that of Berger, in uhjch loss of blood js*mjnimjzed by early ligature 
of the subclavian vessels The operation should be carried out as a 
deliberate dissection, an ordinary large scalpel being used There 
should bo no hurry, and vessels should all be picked up as they 
are divided 

The patient should ho near the edge of the table, so that the shoulder 
overhangs, a sandbag being placed behind the opposite shoulder An 
incision IS first made along the upper border of the inner two-thirdj> of 
the clavicle Through this incision the clavicle is exposed, its middle 
third cleared, and the bone cut through, either w ith a large pair of bone- 
forceps or vMth a Gigh s saw The outer half of the Clavicle is pulled 
forably upwards and its under-surfacc stripped The outer end is 
then cut through, the middle portion of the bone being removed The 
subclavian vessels and brachial plexus are now exposed, the artery and 
vein are ligatured in two places opposite the first nb, and divided 
between the ligatures It is usual to divide the artery first, raising 
the arm so as to empty it of venous blood before dividing the vein 
An injection of 2 per cent novocain into tJiemam trunks of the brachnl 
plexus at this stage of the operation will dimmish the shock involved 
m the subsequent division of these nerves Tile suprascapular and 
posterior scapular arteries are now looked for in the posterior triangle 
and ligatured 

The anterior flap is next completed by carrying the incision from 
the clavicle opposite the coracoid process downwards and outwards 
across the antenor axillary^ fold, obliquely across the axilla doum to the 
infcnor angle of the scapula, an assistant manipulating the ann so as 
to facilitate the cutting of the flip, whicli is reflected inwards and 
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for the entire removal of certain muscles when they have become 
infected with gas gangrene and that infection of the deeper planes is 
more important than of the skin (Tdematous skm may be presen ed 
so long as it is a fairly good colour but an actual infection of a muscle 
and intermuscular planes beneath the skin mdicates amputation at a 
higher level A tourniquet having been applied the skm is divided 
bj a circular sweep allowed to retract up the Irmb slightly and a 
second circular cut made to divide the muscles down to the bone 
The periosfeum is divided and the bone cut through at the same level 
Vessels are picked up and tied nerves shortened and the svound then 
dressed with an antiseptic and left entirely unsutured The importance 
of this method of operating Jies in the fact that a flat raw surface is 
left completely exposed to the action of any antiseptic used and has 
no pockets in which pus can accumulate 



The immediate after treatment of the stump is chiefly designed to 
subdue the septic infection A good dressing is gauze soaked in a 
mixture consisting of — 

Liquid paraffin 2 000 parts 

riavmc 1 part 

Methylated spint 400 parts 

This has a powerful antiseptic action and is also comparatiselj 
comfortable because it does not adhere to the granulating surface 
As soon as the temperature has become normal and the uound is 
covered \nth healthy granulations a dressing of gauze soaked in plain 
sterile liquid paraffin may be used instead 

If an amputation performed by this method is left to granulate 
great retraction of the skm and muscles is apt to take place It is 
therefore necessary to carry out after treatment by extension on the 
skin to dimmish the retraction and raimmizethe subsequent opcratt\c 
measures required A simple methotl slioun m Tig 89 A splint 
similar to a Thomas s knee splint « ith a ring round the top of the tliigh 
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tor the shoulder) but with a square frame at its other end, is applied 
to the stump Four extension straps are stuck to the skin on different 
aspects of the stump, either by adhesive strapping or with Smchir's 
glue and these are attached to a nng which can then be pulled down 
and fastened to the frame at the end of the Thomas's splint Extension 
on the skin is thus made without’ interfering with the wound at the 
end which can be dressed without disturbing the splint 

(2) An amputation with flaps left unsutured is earned out in the wa}’ 
already described for amputations through the leg or thigh The flap is 
cut from whichever aspect is desired reflected back as a skm flap, and 

the rest of the limb then 
divided at the level of the 
base of the flap A single 
flap on one aspect of the 
limb, or equal or unequal 
flaps taken from opposite 
aspects maj be used, m 
accordance with the skin 
available \Vlicn the am 
putation has been com- 
pleted. the flaps, instead of 
being sutured, are turned 
back and an antiseptic 
dressing applied to the cut 
surface of the stump, or 
alternatively tlie dressing 
IS packed in between them 
Skm extension will be 
needed just as in the gud- 
lotine amputation except 
m small amputations sudi 
as tho«:e of the fingers in 

fact, the subsequent treat- 

Fi{f 90 — Stump with terminal puckered scar left by mcnt of amputations done 
guillotine amputation which has healed without by the two methods lb 
secondary operation In the upper limb such a 

scar may not be detnmental laentica 

When an amputation 



carried out m the presence of sepsis has been allowed to granulate 
and is looking healthy its final treatment must depend upon 
se\ eral factors viz (1) the level of amputation and the desirability 
of shortening the stump (2) the condition of the cut end of the 
bone, particularly whether there is or is not necrosis, and (3) 
the amount of skin available to cover m the granulating area If the 
amputation has been carried out at a site which renders shortening of 
the stump desirable e g through the middle of tlie tarsus or the low er 
third of the leg then as soon ns the wound is granulating m a liealtliv 
wa\ and the rest of the stump is free from cedema, a complete re ampu 
tation at the best level immediately above should be carried out (for 
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example, amputation at Syme's level, or amputation through the 
middle third of the leg) If the level of the amputation renders it 
inadvisable to shorten the stump, then, if possible, a secondary suture 
of the skin over the end of the stump should be carried out The 
possibility depends on the condition of the bone , if there is necrosis, 
a ring sequestrum uiU form and secondary suture cannot be done 
until this has separated Moreover, the skm available may not be 
quite sufficient to cover in the end of the stump, and the remov'al of 
a small additional portion of bone may be required The removal of 
this by an incision through the granulating area will almost certainly 
be dangerous, involving a possible infection of the end of the bone and 
additional necrosis The procedures then required for dealing with 
such a stump are, briefly (1) secondary suture when the bone is healthy 
and the skin sufficient to cover m the stump , (2) secondary suture 
after an interval sufficient to allow of the separation and removal of 
any necrosed bone (3) re amputation as soon as possible above the 
ongmal site when the skin is insufficient to cover over the stump 
The first can be earned out without dela> , the second necessitates a 
considerable interval , the third maj be done as soon as the granula* 
tions are healthy and the sUimp free from oedema, provided that the 
infection of the bone docs not extend upwards as far as the level at 
which re-amputation is desired The first and second of these pro- 
cedures requires no special description 

RE-AMPUTATION OF A GRANULATING STUMP 

Re-amputation of a granulating stump ma> be earned out (1) when 
the stump has to be considerably shortened, and (2) when every 
possible inch of bone has to be retained 

(1) ^Vhen the stump has to be considerably shortened the re-ampu- 
tation requires no special description , it is only necessary for the 
surgeon to remember that he has a granulating and probably infected 
wound at the end of the stump, and to take precautions against 
infection of the new wound Dusting the area with sulphanilamide 
has proved most effective, but its action should be controlled bacteno- 
logically The granulating area ma> be treated, as a preliminary^ 
with a powerful antiseptic, such as pure carbolic acid, and covered 
up with an adherent dressing (collodion) before the operation begins 

(2) Wien it IS necessary to preserve as much as possible of the stump, 
rc-amputation can usually be earned out and aseptic healing secured if 
precautions are taken as follows The stump is prepared with iodine 
on the day before operation, as usual At the time of operation the 
granulating surface and any sinus there may be ts swabbed out with 
puie carbolic acid, the rest of the skm being repainted with iodine 
The surgeon marks out liis flaps, preserving all the skm available, 
keeping his knife just clear of the granulating area and of the thin 
ingrowing epithelium, and at the same time removing all superficial 
scars These flaps are picked up with tissue-forceps and reflected back 
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as skin flaps With a second knife the muscles are cut through nght 
down to the bone this is sawn across at the required level which 
must be high enough to preclude any possibility of findmg a patch of 
necrosis Dunng the whole 
of this part of the operation 
the surgeon and his assistants 
must take care never to touch 
the end of the stump with 
their hands with an instru 
ment or with a swab In 
fact, it IS better to avoid 
using any swabs up to the 
time at which the bone is 
severed and the end of the 
stump removed As soon as 
the bone has been divjded 
the rest of the operation can 
be carried out as m an> 
aseptic amputation the 
wound being sutured with 
drainage for fortj eight 
hours 

AFTER-TREATMENT 
OF AMPUTATIONS 
In order that an artificial 
limb may be worn with com 
fort and the stump rendered 
useful It IS necessary to pre 
serve full movement m the 
reraaimng joints of the hmb 
and to start the functional 
use of the stump m an arti 
ficial hmb as early as possible 
To avoid the possibihtj of 
contracture it is best to fiv 
all stumps on a splint until 
they are healed As soon as 
a stump of the lower hmb is 
soundly healed a temporary 
artificial limb should be ap 
plied If an amputation h^ 
been earned out through the 
thigh and the patient allowed 
to wait for SIX months before 



Fij 91 — Temporary art ficial leg for thigh am 
putation made of pla«tef of Pam and crutch 
sticks with webbing harness 


rearing an artificial leg he 
«ill spend a large proportion 
stfks and b> a time Sitting With thC 
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lap joint flexed and abducted, and almost certamlj the stump will 
become contracted into this position, and the fitting of an artificial 
limb \mU be seriously interfered with an operation for the correction 
of the contracture is often required Tlie contracture is most likely 
to occur in stumps which have healed by granulation and taken 
a long time to do so This is an important indication for plan- 
ning out the treatment of a stump so as to secure final healing 
as early as possible All stumps as soon as they are fit should 
be treated by daily massage and exercise of the joints In the 
low er limb the stump should also be kept bandaged from below upwards 
to promote shrinking before the artificial hmb bucket is fitted In 
the upper hmb such bandaging is not required as the shrinkage is 
less marked A temporary artificial leg can be applied to a lower 
limb stump immediately the wound is healed The stump w ill stand 
considerable pressure at the end of three weeks so that it is possible 
to fit a hmb even on a Syme s amputation at the end of this period 
Owing to the high cost of an artificial limb bucket, some easily made 
and cheap appliance should be used for the first temporarj’ limb, eg , 
the limb made out of crutch sticks and plaster shown m Tig 91 In 
this the bucket is moulded on the stump out of plaster of Pans, ban- 
daged so that It fits accurately and, as the stump shrinks, a new mould 
can be made, the hmb thus kept comfortable and a uniform pressure 
exerted upon the stump, shrinkage of which is thus encouraged Such 
a temporary artificial hmb both assists the patient to wear an ordmari 
artificial leg later and, by bnnging the stump into its final condition 
comparatively early, not only makes it easier to fit an artificial limb- 
bucket, but avoids the necessity for alteration at frequent intervals 
af terw ards 



CHAPTER VII 

OPERATIONS ON BONES* 

By ERNEST W HEY GROVES 
SURGICAL ANATOMY 

In modem surgery the accurate recognition of bon\ points is less 
important than it used to be because vision bj the X rays has to a 
large extent taken the place of palpation by the fingers On the other 
hand the *cope of operations upon the long bones has made it necessarv 
to be able to expose these structures freeh wth the least possible 
damage to the soft structures 

aa«cle — This bone is subcutaneous in its entire length and it la 
easily exposed by an inasion which divides nothing but the skin 
platysma fascia and some cutaneous nerves Total excision for certain 
new growths or for osteomyelitis is therefore \ ery simple The chief 
structures which have to be divided in addition to the muscles arising 
from it are the ligaments attaching it to the acromion and coracoid 
processes of the scapula and the rhomboid ligament attaching it to 
the first nb cartilage Commoner problems are those presented faj old 
or recurrent dislocations of the outer or inner end 
In dislocation of the head of the clavicle the only common displace- 
ment IS fons ard and upward In this the rhomboid ligament and the 
inter articular fibrocartilage are tom and both these structures are 
difficult to replace by any form of suture Probably therefore exasion 
of the head of the bone is the simplest treatment especially if the 
cosmetic effect is the principal aim Dislocation upward of the outer 
end of the clavicle involves rupture of the hgaments of the acromio 
clavncular joint This dislocation is very difficult to retam after 
reduction and it will be necessary to expose the joint and suture the 
bones m position with wire sutures Kangaroo tendon mav be used but 
it is apt to stretch and give way before consohdation has taken place. 

Humerus — The head of this bone with both tuberosities is so 
covered by the thick deltoid muscle that no part of it can be clearly 
defined It hes outside the coracoid process and below the acromion 
In the intact bone the greater tuberosity facK in the same direction 
as the lateral (outer) epicondyle and the head has the same relation 
to the medial (inner) epicondyle The only parts of the bone which 
are subcutaneous are the two epicondyles The medial (inner) epicon 
dyle is the more prominent and lies just m front of the ulnar nerve 
The bone may be exposed for its whole length (but this i> very 
rarely necessary) or for the upper or lower extremities or the shaft 

• libny of Ihe lUu a was o this art cle tre cop cd hy pmm sion fcom the author’* Modem Method* of 
TreaUHt, Fractures IJohn W right and Sons, LtdJ 
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The whole shaft may be exposed by an mcision which lies in the line 
of the cephalic vein * This line begins at the junction of the outer 
and middle thirds of the clavicle, above the coracoid process ; it runs 
do\vn along the anterior border of the deltoid to the insertion of this 
muscle. (Fig 92 It then follows down the outer border of the 



92h . — Line of incision for exposure of whole length of humerus. 

(Attcr Henry Pntiik /wmal o/Snrsevy. I9^4'5,zti) 

Fig. 92B. — ^After cutting the clavicular origin of the deltoid and turning the muscle 
outwards (Schematic ) 

A. Cot nJito of delloiJ B Coracoid procew C Bicif lt»l fn)0»» D Cepli-ilie vein E Tendon of 
pectoralu major f InscrtiooofdefloiA G SluacwtMpfrafowTe i and K Spljl luli-w of lirjfbial » 
anllcus L Corotioid |>roc«*s ri iihm. (Henry. Bti/ii* ) 


biceps muscle and the inner border of the supinator longus The upper 
portion of this incision wll afford access to the head, neck and upper 
part of the shaft of the bone Tlie deltoid muscle must be turned 
outwards for proper exposure of the head. Tins is done by cutting 
along the outer third of the claxiclc and then raising the clavicular 
origin of the deltoid with a stnp of periosteum or, better still, with the 
bony margin of the clavicle (Fig. 92 b ) Tlie deltoid being turned 

• llenfj Itnl Jourm Surf, 1921 S »>i M 
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joint is laid bare 

;vith the head of the humerus enclosed m the capsule the bicipital 
tendon marking the hne between the greater and lesser tuberosities 
A lunited exposure (as required for example m fixing a broken off 
great tuberosits) maj he obtained bj splitting the deltoid bv an 
incision which starts at the tip of the acromion but does not go far 





Fig 93 — Exposure of the whole radius A Incision for exposure of the radius B The 
insertion of the supinator brens has been cut from the radius and retracted. 


enough dotvn to damage the circumflex nerve as it crosses the neck 
of the humerus at the level of the middle of the muscle 

The shaft of the humerus is exposed by splitting the brachialis 
anticus muscle along the hne of the above-mentioned incision * This 
IS better than dividing the muscles in the hne of the external inter 
muscular septum because the radial (musculo spiral) nene u'lU be 
avoided The lower end of the humerus and the front of the elbow 
joint are exposed by continuing dowmwards the splitting of the 
brachialis anticus muscle to the insertion of its tendon into the cotonoid 

• JIISMI Br / J KM I9»9 X Vt 
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process of the ulna. This anterior exposure of the lower end lias the 
advantage that it is readily combined with the exposure of the shaft, 
and is therefore useful if dealing with a lesion affecting both parts. 
On the other hand, it has the drawback of being a deep incision, and 
the split brachialis muscle is under considerable tension unless the 
elbow is flexed. A much better method of exposing the lower end of 
the humerus is that described and illustrated in connection with 
fracturesof thelowerendofthehumcrus. (Fig 118,p.240.) Thisisbya 
posterior incision, through wluch the triceps tendon and the ulnar 
nerve are exposed. The former is split into superficial and deep portions 
and the latter drawn aside Tliis gives a complete view of the lower 
end of the humerus. 

\Vhen the wound has to be closed, the overlapping part of the triceps 
muscle can be brought together in such a way as to lengthen the 
tendon and so relax tension if required. 

Radius, — Only the two extremities of this bone present any surface 
contact. The head is felt just below and in front of the lateral epicon- 
dyle and can be identified by the rotation imparted to it by turning 
the hand. The styloid process is felt in the floor of the " anatomist’s 
snuff-box,” midway between the tendons of the long and short extensors 
of the thumb. 

The surgical exposure of the radius is easy at the head and neck or 
in the lower two-thirds of the shaft, but difficult in the upper third. 
The head and neck arc exposed by a vertical incision from the tip of 
the lateral epicondylc downwards. The tendon and muscle over the 
radial head are those of the common extensors and may, with the 
radial collateral (external lateral) ligament, be split in the direction 
of their fibres. This exposes the head of the bone surrounded by the 
orbicular ligament. The lower two-thirds is readily exposed by a 
straight incision along the medial border of the brachio-radialis (supi- 
nator longus) tendon. (Fig. 93.) The radial artery and nerve are 
identified and drawn to one side and then the whole shaft from the 
insertion of the pronator radii teres to the styloid process can be seen. 

The exposure of the upper third is difiicult because the bone lies 
so deeply surrounded by muscles, and most of all because the supinator 
brevis, which lies closest of all, has the posterior interosseous nerve 
running through its substance, and any injury to this nerve will 
cause extensor paralysis of the hand and digits. If for some reason 
the upper third of the bone must be exposed together with the lower 
two-thirds, then the incision must be along the median border of the 
brachio-radialis (supinator longus) muscle, (Fig. 93.) It is then essential 
to dissect out the radial artery and the radial (musculo-spiral) nerv’e 
with its deep branch. Tlie former must be retracted medially and the 
latter laterally. The upper part of Uie radius is wrapped round by 
the supinator brevis and this can be divided and turned aside with 
impunity, always provided tlie deep radial (posterior interosseous) 
nerve has been identified and pulled laterally. If only the upper 
end of the radius has to be laid bare, then it is much safer and easier 
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fmmTrT'l' “ ? PWtcnor mc,s,on which runs downwards 

epicondjle to meet the postenor border of the ulna 
at the junction of its upper and middle third (Fii; 041 This 
exposes the common head of origin of the anconeus and the exteiSir 
m the'in^e'* h “.i" ‘>‘e fibres or if possible 

This exno ll l“? " carp/ulnans 

J his exposes the short supmator muscle, xxhich is turned aside by 

anomsch "®‘'' > Both these methods of 

approach are comparatively difficult, but it is much belter to do a 



Fig 94 — The back of the foreann, show superliciaj muscles haee been removed 

mg the posterior approach to the radius (these are shown in dotted lines) The 

The dotted line is the incision between the incision separates the origin of the sup 

anconeus and the extensor carpi ulnans inator brevis from the ulna. 


tedious dissection than to nsk the radial (posterior interosseous) 
paralysis ^^hlch >\ill result from any blind division of the supinator 
brevis muscle 

The ulna is subcutaneous for its entire length With one exception 
e\ery part a\i 11 be exposed by an incision along or adjacent to, this 
posterior border It is better to avoid any mcision over the point 
of the elbow using rather a curved or U shaped cut above or to the 
inner side to expose the olecranon The one exception to this postenor 
approach is the coronoid process, which may be broken or displaced 
in injunes of the elbow This must be expo-sed through the antenor 
incision for the lower end of the humerus 

Femur.— Tlie upper end of the femur lies deeply enclosed on nu^c^. 
but the great trochanter is almost subcutaneous and gives invaluable 
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information on the relative positions of the femur and pehis The 
head of the femur is almost spherical and its position m Scarpa’s 
tnangle may be indicated in tlie following way Make a triangle 
by Poupart's ligament above, a perpendicular from the anterior 
superior iliac spine and a hanzontal from the pubic spine A circle 
inscribed in this triangle will represent the femoral head The tip 
of the great trochanter hes on a line joining the antenor superior 
iliac spine and the most prominent part of the ischial tuberosity 
(N^laton's line) In drawing this line a common mistake is to be 
inaccurate in marking the ischial tuberosity This lies below the 
fold of the buttock If the great 
trochanter is above N61atons 
line there must be an abnor- 
mality of the hip or neck of the 
femur, either a dislocation of 
the joint, a fracture of the neck, 
or a coxa vara Bryant’s triangle 
IS formed by dropping a per 
pendicular from the anterior 
superior spine (the patient lying 
on tlie back) and raising a hon- 
zontal line from the tip of the 
trochanter to meet the former 
The tnangle is completed by a 
line from the anterior superior 
spine to, the top of the great 
trochanter The base of the 
tnangle is the line from the 
perpendicular to the tip of the 
trochanter The length of this 
base line as compared w ith tint 
on the normal side gives a 
measurement of how mucli the 
trochanter is raised in a fracture 
or dislocation The length of 
the perpendicular line gives a 
measurement of internal or ex- 
ternal rotation 

Tlie length of the lower hmb is measured from tlie most prominent 
part of the anterior superior spine to the tip of the medial malleolus 
and IS compared w ith a similar measurement on the other side Un- 
fortunately, this measurement, which may be of great importance, 
15 liable to several errors, particularly in stout or deformed persons 

The femur may be exposed m its upper fourth, including the head 
and neck or its lower three fourths which includes all that part of 
the bone betw cen the lev el of the Jes-ser trochanter and the knee joint 
The upper part can be exposed from one of three aspects, each of 
which has its special advantages The most generally useful incision 
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the -imonnt of 

The postenor incision is the easiest and mo^t bloodless and it 
approaches the hip through the weakest part of the cap:,ule but 
owing to Its depth it onlj gues a limited Mew of the parts and the 
bone IS difficult df access for reparative surgerj (Fig ^3 ) 

The femoral shaft is beat exposed through an incLion whiclx runs 
dow n the front of the thigh on its outer side from the anterior superior 
spine to the lateral border of the patella This exposes the thidi 
muscles enclosed m the deep fascia (Fig 100) The latter is divided 
along the outer border of the rectus femons and this mascle retracted 
inwards The deep part of the quadneeps is divaded in the hnv 
between the crureus and vastus lateralis (extemus) taking special 
care to preserve from damage the nerve to the latter muscle the 
neurovaiscular bundle which crosses the upper part of the incision 
from within downwards and outwards and the supra patellar poucli 
of the knee joint below (Fig 101 ) 

The popliteal surface of the femur can be exposed either from the 
medial or the lateral side For the media! exposure a sandbag i> 
placed under tlie sound buttock and the foot of the affected limb i 
placed on the opposite shin w ith as much flexion of the knee as possible 
An incision C in long is made on the inner side of the thigh at the 
level of the adductor tubercle The antenor border of the ‘sartorius 
IS freed and the muscle is retracted backwards exposing the tendon 
of the adductor magnua Tlie fa»aa behind this tendon is then incised 
and the finger enters a plane of cleav age exposing the popliteal surface 
of the bone The popliteal v cssels lie well behind this plane of cleavage 
For the lateral exposure an incision is made along the postenor 
edge of the ileo tibial band two finger breadths m front of the biceps 
tendon A plane of cleavage is found between the external inter 
muscular septum and the biceps tendon immediatcl} below the origin 
of that muscle from the septum B> passing the forefinger along this 
plane the poplitealsurfaceofthcfemuriscxpo'cd Tlie common i>ero 
neal nerve lies under cover of the biceps and should not be cxpo'cd 
The tibia and fibula are practically subcutaneous throughout ihcir 
entire length At the knee the tubercle of the tibia can U. felt in 
front at the upper end of the crest of the bone flic Jiead of the 
fibula lies behind the lateral tibial tuberoaitj on the same level as the 
tibial tubercle Tlie strong biceps tendon can lx. felt inserted into 
the fibular head and liehmd it lies the external pophtcil nerve This 
latter winds round the neck of the fibula and the onl> <nicturi 
which has to be found and preservedwhen the fibula is cut down upon 
At the ankle the leg bones present the two prominent nnllwh the 
lateral malleolus Ivmg i>o«iterior to the mcvlial and at a lower level 

OPERATIONS FOR RECENT FRACTURES 
Opentrons for tlie direct union of rectnt fractures ire usiidli 
maticrb of capcdieijcv nthcr tlnn if un,tnrj ir nerevMti ll 
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aim of such operations should be to produce a better functional result 
than would follow non-operative methods, or to produce it more 
quickly. It is therefore necessary, in the first place, to be quite sure 



Fig. 100. — Incision Jor ex- Fig. loi.— The line for diri 

posiire ol shaft of femur Sion of the quadriceps 


A Tensof fudx ((cmoru) 

B Sjrtortns 
C lirctia {rmorii 
D. Vutui litmfis fextmiusl 
S \a<tu» inwllalis imtenHBj 


B Drteenrtm* branch of Ultra! 
otoiRidrz trttrr finCb vWns) 

C Cntrruc. Krrcui tcmcm, 
I hantiis oetlialii {loieraio) 


which cases of recent fracture require operation, and, in the second, 
to do the operation in such a way as to produce a good functional 
result as quickly as possible. To perform an open operation for tfie 


9 
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treitment of i fracture mtohes a \erj responsibtfit} first 

because properlj applied traction and manipulate e methods wll 
suffice wthout operation m most cases and 'secondlj because fracture 
operations require special skill and expenence and in case of failure 
the patient Mill be much \\orse off than if no operation had been 
performed 

Indications — It is difficult to make an> dogmatic statement on 
this subject ^vhlch ^^ollH meet with universal acceptance Difference 
of opinion arises chiefly from two causes — one that the displacement 
of the bones in a fracture is regarded by some is of little importance 
and by others as all important the other that those who have had 
evpenence of good non-operative methods are much less likeU to 
resort to operation than those who have not Tlie most deilmte 
factor m determining the necessity for operation is the persistence 
of deformity of such a kind and degree as to cause serious loss of 
function if It is certain that this deformity cannot be corrected by 
any non operative method 

Expenence and observation have showTi that displacement of 
fragments in a fracture vviU cause more or less disability according 
to the particular bone the region affected the ty’pe of displacement 
and the age and general condition of the patient The circumstances 
and conditions usually regarded as indications for operative treatment 
when displacement cannot otherwise be corrected are adult ige 
muscular condition and active occupation of the patient fractures 
of both bones of the forearm fractures of the shaft of the femur 
fractures of the neck of the femur separation of the condyles of the 
femur fractures of the patella and olecranon and fractures of 
the humerus or tibia in which the displacement is sucli as to threaten 
non union 

Conditions unfavourable to or contraindicating operation are 
youth 1 e any age up to 14 or 15 old age or general feebleness 
great comminution of the fracture septic infection alcoholi m « r 
any serious constitutional disease 

An^STIIESIV and HiEMOSTVSIS 

Three modifications of anaisthesia have been applied in fracture 
operations — 

(1) Local anajsihesia — This has the advantage that the penod of 
anesthesia i» longer and the relaxation better than when nitrous 
ovjde IS used It also enables reduction to be carried out siftly 
under the screen without nsk of explosion It is only likely to be 
successful however in fresh fractures wathm the first twenty four 
hours and is contra indicated in nervous patients and in children 

Technique —The skin round the site of fracture is painted with 
iodine and an intradermal vvheal of 2 pcr-cent novocain over the 
fracture is raised with a fine hypodermic needle A larger nitdle u 
then introduced toward:* the fracture It is essential to inject the 
novocain into the hamatoma at the <ite of the fracture and 1 lo^ni 
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from the h-ematoma must be drawn back into the s>Tinge before the 
injection is made If there are two fractures, they must be anaisthet- 
ized separately About ]0-20cc ofa l-per-cent solution of novocain 
IS the usual quantity required After injection, no manipulation 
should be attempted for five minutes, to allow the nov ocam to percolate 
throughout the hiematoma This is very efficient if the fracture sur- 
faces are separated and if there is a hzematoma round them into which 
the solution percolates It la apt to fail if the fracture is impacted 
and if there is no fluid effusion around it 

(2) Brachial plexus block- — ^This is used for the upper limbs 
Novocain is injected mto the nerves above the clavicle, just lateral 
to the subclavian artery It is uncertain and not free from nsk of 
injurj' to the great vessels 

(3) Spmal anassthesia — This is useful for fractures of the lower limb 
It gives good muscular relaxation, but involves rather more anxiety for 
the surgeon and the patient than the usual inhalation anaesthesia 

There can be no doubt that prevention of hjemorrhage is one of 
the most important elements in the technique of all bone operations 
The muscles and fascial planes of the limb have little or no power to 
absorb blood effusions, and an> extravasation in them is exccedingh 
likelv to lead to infection 

A limb to be made bloodless should be elevated to an almost vertical 
position, and an Esmarch’s rubber bandage should then be finnly 
applied from the distal to the proximal part, well above the area of 
operation A rubber tourniquet is put on at the upper part of the 
limb above the Esmarch, which is then removed For an arm it is wise 
to use the rubber armband of the sphjgmograph, and onlj to apply 
enough pressure to obliterate the pulse Prolonged excessive tourni- 
quet pressure may cause ischsemic paralj sis 

If tiie operation has only involved the div ision of superficial tissues, 
the tourniquet should be left m place until the wound has been sutured 
and firmly bandaged If deep tissues have been opened up, it is 
wiser to remove the tourniquet before closing the wound, so that 
all spurting vessels can be caught and tied 

Nine operative procedures may be used for recent fractures — 

J TrsnsAxiffn by p,'ns or mres 

2 Coaptation with or without impaction of fragments 

8 Plating, the plate being fixed by short screws 

4 Plating, the plate being fixed by transfixing bolts 

5 Cerclage, or fixing by bands or wares 

6 Intramedullary pegs 

7 NaiUng — the fixing of a small fragment to a mam bone 

8 Suturing bj ware or other matcnal 

9 Bone-grafting 

I Tkanshmon b\ Pins 

Indications. — Fractures with marked displacement, comminution, 
or sepsis, in the femur, tibia and fibula, or (in exceptional cases) 
the humerus, other conditions requinng powerful traction, such as 
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certain deformities and dislocations of the hip joint sometimes 
after arthroplasty to bnng about distraction of jomt surfaces 

Instrunjeuts required — Transfixion pins handle for mfrodunng nitia, 
horseshoe gnp cord and weight for appl> mg traction splmt cradle or slmg 
for supportmg the limb during traction 

It will be convement to descnbe first the operation as done at the 
lOiHer end of the femur 

For the mere transfixion gas is usuallj sufficient 1 per cent 
novocam maj be injected down to the penosteum on the side on which 
the pm IS to be inserted and on the opposite side where the pm is 
likely to emerge A more lasting form of anesthesia should be em 



Fig J07 —Transfixion p n5 and handle Fig loj — Metal tractor with pulley wheels 

pIo5ed if the transfixion is prdiminar> to the reduction of a much 
displaced fracture 

Technique — The skin round the knee having been prepared m the 
usual way is pulled upwards towards the fracture so as to dimmish 
the dragging which may be exerted bj the transfixion pm Smear 
mg the skin wnth a little Bipp* at the point of entrance and emergence 
of the pm will act both as a lubricant and antiseptic A steel pm 
G in long and To m thick shaped like a bradawl at one end and 
fitted to the handle at the other (Fig 302) is pushed with a bonng 
motion right through the thigh at a pomt two fingers breadth above 
the most promment pomt of the condjles thus transfixing the lower 
end of the shaft of the femur the point of the pm should be sharp 
enough to cut the skm without any special incision A pad of stenie 
gauze is placed around each end of the transfixion pm and fastened b\ 
a bandage The projectmg ends are engaged in the corresponding 
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holes in the horseshoe attachment and the traction cord with the 
weight IS adjusted (Fig 103) As a nilc the dressing need not be 
changed for the few weeks during which traction is continued 

When the transfixion-pin has been attaclied to the femur, the leg 
IS either laid across a piUow, slung to an overhead beam, or arranged 
on a Thomas’s or cradle splint The transfixion-pm can be left m 
place for about six w eeks 

Transfixion of the upper end of theUbta (Fig lOt) is used for applying 
traction to fractures of the thigh when much sepsis exists or when 
the fracture involves the lower end of the femur It avoids the risk 
of adhesions round the suprapatellar pouch which may follow the 
introduction of a metallic bodji m close proximity to it, leaving some 
stiffness of the knee A pm 4 m long and thick is dn\en through 
the leg about 2 m behind and below the tubercle of the tibia Such 



Fig X04 — Points of transfixion of femur |Bj and tibia (A) 
The dotted line ind catn the ronible extent of Ihe eynovial t te 


a pm can be left in place and used for traction for as long as two 
to three months 

The vtallcoh rmy be transfixed for the treatment of displaced, 
comminuted, or septic fractures of the tibia and fibula In passing 
the transfixion pm at this site it sliould be remembered tint tlie 
fibula lies m a plane posterior to the tibia and the direction of trans- 
fixion should therefore be from XMtliin outwards and backwards 

The os calcis may be transfixed by a J m steel pin at a point a 
full finger’s breadth below and behind the tip of the external malleolus 
(Fig 105 ) This site for a traction pm is used for fracture through 
the ankle joint or at the lower end of the tibia and libuli 

Transfixion is not often required m fractures of the upper Itmb 
but it may be indicated for fractures of the lower end of the humerus 
when much displacement or comminution is present The transfixion 
is made transversely across the olecranon proce&s of the ulna, and 
the forearm is put up in a position of flexion It is used also for the 
forearm in cases of exceptional difficidtj Uire (not pms) will bt 
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used The distal transfixion is made either through the lower ends 
of the radius and ulna or through the base of the metacarpus 



Fig 105 — Transfixion points of os calcis and ulna 


The use of multiplying pulleys — ^The traction which can be applied 
to the long bones through transfixion pins may be greatly mcreased 
by the use of two pairs of multiplying pulleys which are conveniently 
mcorporated m the horseshoe gnp attached to the pin and m the 
upright at the foot of the bed By the use of these pulleys a fourfold 
multiplication of the weight can be effected and the amount of w eight 
VTined according to the number of pulleys used Thus for most 
purposes a standard weight of 10 lb is employed and this can be 
made to giv e a pull of 20 80 or 40 lb according to the number of times 
the cord is wound round the pulley wheels (Fig 106) 



Fig Z06 — ^Multiplying punegs 
JenmalcJSvprr I9%m} 


Transfixion pins and plasler of Pans— Another iiaj m nhich 
traction through transfixion puis can be used inth 
effect IS bj incorporating them m a pb^er case This Jf 

most useful m fractures of the leg hones The leg is placed on Bohler s 
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screw-traction apparatus (Tig 107 ) A pm is passed through the 
os calcis and a traction is put on the leg until full length or o\ er- 



Fig T07.— Leg on BoMer’s screw-traction apparatus 


length has been attained If the fracture is spiral, then its site of 
fracture is exposed and, after the bone ends ha\e been accurately 
adjusted, they are fixed by a trans* 
fixion-pin passing through both frag- 
ments If the fracture IS a transverse 
one uhich readily falls into line, then 
a transfixion-pin is passed through 
the crest of the tibia just below the 
tubercle The leg is then encased 
in plaster of Pans in \vhich the pro 
jecting ends Of the pins arc incor* 
porated After three or four weeJvS 
the pins are removed, leaving the 
plaster case m position for three or 
four ueeks longer (Fig lOS) 

Transfixion by taut steel uirc 
{Ktrschficr's Wire) — ^In recent years 
the rigid transfixion-pms have been 
largely replaced by the use of taut 
steel wire The advantage is that 
the fine wire is much less likely to 
cause damage to the bone or per- 
sistent sinus But against thii» there 
are tuo disadvantages first, that „ „ 

if the transfixed bone is at all dc- reduced bj open operation, fixed by one 
calcified, the wire will be draped tong pm through the fracture and one 
through its substance and secondly, Position 

nMHjtaJned hr plaster case incorporating 

t nt the technique of its application pms 
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IS more comphcated than that of the ngid pms The mre used 
IS 2 mm or less m thickness, made of hardened stainless steel 
and cut in ^0 cm lengths One of these pieces sharpened at the 
^ ^ chuck driven b}' a motor and guided by a 

coUapsible holder, so that it is given the necessary' ngidity to act as 
a It easily bores its way through the bone and the soft parts 

of the limb The projecting ends are now fixed m the ends of a ver>’ 
powerful steel horseshoe which is adjusted by means of a screw winch 
so as to stretch the wire very tightlj The traction is then applied 
to the horseshoe just as in the pin method (Fig 109 ) 



The appbcation of traction after transfixion. — In the great majontv 
of cases after the bone has been transfixed, traction is applied by a 
weight and puUe} This acts for a prolonged period xaiyang from 
three weeks to tw o months The amount of the w eight I’anes according 
to the Site and the muscularity of the patient . 5 lb for the upper 
hmb, 15 Ib for the lower leg and 25 Ib for the femur represent the 
ordinary amounts necessary' The pnnaples to be foUon^ are two 
(1) the weight should be enough to produce a full length and complete 
distraction within a few days , and (2) it should be graduabj' reduced 
when fun length has been attained 

In exceptional cases traction is applied by means of some mechanical 
device such as the Hawley table (see Fig 84. p 120) or by a scr^'- 
traction apparatus of which there are many on the market In ton- 
method the pull is by a screw, and any amount of force, up to 200 Ib , 
may be used, but this should be measured by a spnng gauge anti 
applied slowly It is chiefly used as a prehminary to double trans 
BMon and encasing the limb in plaster, eg in fractures of the os calca. 
or loner leg bones This method has the adiantage that it can tic 
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done under the X-ray screen and that accurate anatomical reduction 
can often be obtamcd in a few minutes 

2 Coaptation With or Without Impaction or Tragments 
In many cases an open operation for fractures does not require 
the use of any fixation appbancc It is only necessary to expose the 
fragments, to remove intervening soft parts and then to lock the 
broken ends by fitting them together Such an operation is most 
typically seen m the fracture at the junction of the shaft with the 
expanded end of the bone, eg at the surgical neck of the humerus 
or m the bones of the forearm, especially the radius (Fig 110) 



Fig i — Frteture humerus treated by impaction 


Instruments required, — ScnlpcJ, two pairs of dissecting forceps, scissors, 
retractors, bone le\ers sexeral pcnostcal cle\ators, two pairs of bone- 
holding forceps, sequestrum forceps, bone-cutting forceps, blunt dissector, 
chisel, gouge and hammer, small saw, file, twelve pairs of pressure forceps 
Michel s clips and clip holding forceps fine hgatiirc catgut, silkworm gut, 
curved cutting needles, stockinet, Horsley's wax 
To avoid repetition, this set of instruments will be referred to in desenp- 
tions of later operations as the bone >et " 

Technique. — The hmb, having been stenJized, is covered by a Jaj'cr 
of stockinet, through which the incision is made The edges of the 
latter are clipped to the stockinet by means of Michel's clips Tlie 
incision need onl^’ be of such a length as to allow the fractured cniL> 
of the bone to be caught by forceps and drawm into the wound Before 
doing this, if a tourniquet has not been used, all bleeding-points are 
caught and ligatured, the muscles covenng the bones are fully retracted, 
and blooddot is removed The fragments, havnng each been firmly 
grasped by forceps, are brought into the wound so that the long 
axis of each is angulatcd m respect to the other If the fracture is 
approximately transverse and the fractured surface consists of well- 
marked jagged Spikes, it maj be possible to fit the two ends together 
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in such a way that the muscle tension alone will be sufficient to keep 
the fracture m good apposition But in many cases this is not possible 
Cither the fitting cannot be made, or the projecting spikes are not 
^veIl enqugh marked to secure interlocking In these circumstances 
the shaft may be pointed, advantage being taken of any natural 
spike, or it may be formed mto a cone by sawing, chiselling, or filing 
The surface of the expanded articular end is slightly hoUoued out 
by a gouge, and the pointed end of the shaft is then forcibly dnven 
up into It The soft tissues are sewn together round the fracture by 
deep catgut stitches, so as to obhterate dead spaces and also further 
to fix the fracture The skin having been closed by interrupted silk- 
orm-gut sutures and a dressing applied, the limb is put up in such 
a position that traction on the seat of fracture will be avoided For 
example, m fracture of the neck of the humerus the arm should be put 
up in full abduction by an abduction spbnt or a plaster of Pans case 


3 Plating with Short Screws 


This operation, introduced and perfected by Arbuthnot Lane, was 
at one time a routine method It has now, however, been given up 
by most surgeons It ought to be reserved for special cases It is par- 
ticularly indicated in fractures of the shafts of the long bones, where 
extensive exposure is possible and, in addition to two mam fragments, 
an intermediate wedge-shaped piece is broken out Plating is un 
necessary for simpler types of fracture, and it is inefficient for cases 
of delayed union and non-union The exposure of the bone ends 
stripping of penosteum, the drilling of the bone and leaving massive 
foreign bodies in the tissues, all tend to devitalize the bone and so 
greatly delay natural callus healing 
Instnimects required. — In addition to the bone-set (p 233) plates and 
screws of a suitable size plate benders, dnlls for bonng holes in the bone, 
screw-dnver, screw holding forceps, plate-clips, and distraction de\nce 


Technique. — In fractures of the large bones, such as the femur or 
tibia, it will greatly facihtate the plating operation if preliminary 
traction has been made on the broken bone for about S to 6 da)S, 
sc? as t’S bnng it to tha /uJJ ieagih required In this> iis jo all hone 
operations where foreign matenal is buned in the tissues, special 
precautions should be taken to avoid septic infection In addition 
to a scrupulously careful technique, it is well to wear cotton glo\es 
o%er rubber ones, m case the latter tear Jlany surgeons, however, 
adopt a special ntual, never touching the tissues even with the gloved 
hand, avoiding contact wnth any swab or ligature which goes mto 
the wound, and not handhng the '* business end " of any instrument 
The hmb is protected by stockmet A long incision is made, if the 
bone IS subcutaneous, like the ulna or tibia, the incision should be 
curved so that neither wound nor scar may he over the fracture 
In order to obtain firm hold on the bone and to act as an efficient 
internal splint, the plate ought to be from one-third to one half the 
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length of the injured bone. For the insertion of such a plate the 
incision will have to be still longer, Le. it is usually about three-quarters 
of the length of the bone to be mended. The edges of the stockinet 
are clipped to the wound either by Michel’s clips or by long-handled 
tissue-forceps, which will then also ser\'c as retractors. The fascia is 
cut through, and the muscles are separated or divided until the shaft 
is reached. Great care must be taken that nerve-trunks, such as 
the radial (musculo-spiral) over the humerus or the posterior inter- 
osseous round the radius, are not injured. All bleeding-points should 
be secured by fine catgut ligatures, and loose bloodclot removed. 
The soft tissues having been retracted, the periosteum is divided 
along the surface of each fragment, so that soft parts, together with 
the periosteum, can be peeled off the bone. ^V^^e^ this has been 
done, retractors should be placed in the wound in such a way as to 
press aside the muscles and also to protect them from injury. Fagge’s 
pattern of retractor (Fig. Ill) is one with a curved point whidi 



Fig. ii:.— Fagge’s model oi Lane’s lever-raspatery. 


underlies the bone and a flat shank which protects the muscle, and 
is very convenient. 

The bone having been exposed for a length amply sufficient to 
allow easy application of the plate, the next and most difficult stage 
of the operation consists in manipulating the fragments so that they 
fit' one another exactly. The whole reason and justification of the 
operation will be sacrificed if the plate is applied to the fracture while 
the fragments remain awry. The plate is not intended to be a per"- 
manent union between the bones ; it is only an internal splint to hold 
the bones together while natural union occurs, and the main reason 
for using such an internal splint, instead of an external one, is that 
the fragments can be correctly replaced. The great difficulty in 
restitvlkm As J^osiruj and cDnlracfion of the muscles and 
soft parts. Great overlapping should have been treated by pre- 
liminary extension ; in addition, it is always wise, in large bones 
like the femur or tibia, to make provision for strong traction to the 
limb during operation. Tins is best provided by the use of Hawley’s 
table (Fig. 84, p. 120) or the portable traction set which can be placed 
on any table. There are many more modem " orthopredic " tables 
than Hawley’s, but all are mere elaborations of it, and most of them 
are over-elaborate. It consists essentially in a pelvic rest and a 
vertical bar which lies between the l<^s. Traction, abduction and 
rotation are provided for by a screw apparatus carriwl on two long 
steel bars. 

When once the tension has been overcome, there \viJI be little 
difficulty in making lateral, axial, or rotatory adjustment. Each of 



Fig 113 — Lambotte s forceps 



Fig 114 — Hey Groves s forceps 


JocXing them m position , Lambottes (Ti^ ilS) ha\e the handies 
at nght angles to the blade with swivelled ]aws and a ratchet catch 
which locks the handle He> GFo^ess (Ffg 114) are straight and 
ha\e a screw lock Low-man s pattern is hke a sliding clamp whiCh 
has the ad\antage of clamping the plate to the bone but requires 
that the bone should be freed more e.\tensivel> than is necessary 
with other forceps and also it is more difTicult to adjust 
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The mam fragments having been seized by the forceps, the final 
adjustment is made by slightly angulating the two fragments into the 
wound, making them interlock, and then straightening the bone 
Adjustment may sometimes be assisted by suitable levers (Fig 116 ) 
Tins applies to a transverse fracture If the fracture is oblique, it will 
be convenient, after adjustment, to fix it by a third pair of forceps 
which grasps both fragments If there is a third, small, intermediate 
fragment, then one of two methods may be adopted, according to 




Fig 115 — Shttman screwdriret 


circumstances The small fragment may be adjusted to one of the 
large fragments and there fixed by the plate . the other large fragment 
IS then brought into position and fixed to the projecting end of the 
plate Or the two mam fragments arc brought into position, and 
there held by a bridging plate damped in the forceps while the third 
fragment is fitted into position 

When the fracture has been adjusted and the plate pheed m 
position, a senes of holes is dnlled into the bone by a mechanical 



Fig it6 — Colt s distraction apparatus applied with Lane s forceps 


drill driven by hand or motor It is of the utmost importance that 
the holes m the metal plate, the dnll, and the screws should be of the 
correct sue m relation to one another Before the plate is jiut into 
position screws should be sdected to fit easily into its holes The 
dnll holes made for such screws should be small enough to ensure a 
tight fit The screws commonly chosen are similar to those used by 
carpenters for wood work, but with the thread cut almost up to the 
head These are quite suitable tf the bone has an open texture in 
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which the screw thread easily bunes itself For hard dense bone 
such as the femur or tibia it is better to use Sherman s screws the 
thread of which is like that of an engineer s screw used for metal work 
(Fig 115 ) These screws have slots at the sides of the point by which 
a thread is cut to receive the shank of the screw The screws are 
dmen mto position as firmly as possible without overturning the 
screw so as to avoid stripping the thread cut by it in the bone The 
carpenter s screw is held by special forceps (Lane s) while being dnven 
m by a screwdnv er the Sherman s screw is fixed m a special screw 
dmer which holds and dnves it at the same time The actual 
number of screws used will varj with the length of the plate but 
while it may not be necessary to place a <5crew m every hole it is 
wise to use at least three screws for each mam fragment If the 
main fragments are securely fixed it wall not 
be necessary to drive manj screws into the 
third fragment and frequentlj the latter can 
be adjusted without any screw at all Small 
fragments can often be safely and securel} 
fixed by strong chromic catgut passed around 
the bone 

When the femur is being plated m the 
curved part of the shaft the plate should be 
suitably bent by speaal bending levers so 
as to fit the natural curve of the bone (Fig 
127) Special steps should be taken to pre 
vent the ends of the plate becoming sepdrated 
from the bone by the powerful leverage of the 
femur at a tune when the bite of the screws 
m the bone has become loosened There is 
always a tendency for the shaft of the femur 
to become angulated outwards because of the 
predominant action of the adductor muscles 
This will separate the plate from the bone at one end or the other 
and even if firm union occurs there wall be some deformity 
The plate being firmly fixed in position the forceps are removed 
a/td so!t parts together m Aijery so as to eoier }n the 

plate and screws as snugly as possible The ideal aimed at should 
be to bury the plate between the bone and periosteum so that it 
becomes embedded in the layer of external callus The muscles and 
deep fasaa are brought together by a few interrupted catgut stitdies 
and the skin is united b> clips or silkworm gut If there has been 
much oozing a few strands of silkworm gut or a rubber stnp miv be 
used as a drain which should be removed withm twenty four hours 
The dressing having been appbed the bmb should be put up m a 
spbnt which securely protects the bone from external injurv or 
distortion by muscular tension 

In the femur a Thomas s splint is most convenient as the leg cm 
be slung up from the bed and the dressing can be changed vnthout 
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taking off the splint If there is much oozing, the dressing is changed 
the day after the operation, and again on the tenth day, when the 
wound IS dressed, all stitches are removed and the limb is suitably 
encased m plaster of Pans This will avoid the danger of displacement 
of the plate and screws by muscle strain At the end of two to three 
months the limb can be used, but some kind of case splint — or, in 
the case of the femur, a walking calbper — must be worn for some 
time longer During recovery, and as soon as possible after the 
Operation, the pnncipal joints should be moved, whilst massage or 
electrical treatment is applied to the muscles, to prevent stiffness 
and wasting 

This descnption of a plating operation applies more particularly 
to the femur, and as it is in general terms it w ill be necessary to add a 
few words on special conditions relating to particular bones It is 
doubtful whether it is ever necessary or justifiable to plate a fracture 
of the clavicle 

The humerus presents many difficulties for plating, and is generally 
much more amenable to other operative methods of repair Dus 
bone IS so closely surroUnded by important vessels and nerves that 
it IS very difficult to make a free exjwsure of its surface long enough 
for the application of a plate The upper third of the shaft should 
be exposed by a vertical incision down the middle of the front of the 
arm, which opens the soft tissues between the deltoid and pectoralis 
muscles If necessary, the tendon of the latter may be cut through 
and sutured at the close of the operation There will always be a 
difficulty m obtaining sufficient exposure of the upper fragment, and 
the substance of this part of (he bone is too soft to afford a good 
screW'hold 

The middle third of the humerus should be exposed by an incision 
running along the outer border of the arm from the insertion of the 
deltoid muscle down to the external condyle The radial (musculo- 
spiral) nerve should be sought for and carefully retracted by a strip 
of gauze 

Ihere are certain fracture* at the lower end of the bone which 
may require operation , of these the most typical is a Y-shaped 
fracture into the clbow-]omt with separation of the condyles As 
the mam object of the operation is to make an exact restitution 
of the joint surface, it will be necessary to provide a free exposure of 
the elbow. This is best done by a longitudinal incision over the 
back of the joint, curved so that the scar shall not be over tlic tip 
of the olecranon The tendon of the tnceps is exposed and is dmded 
longitudinally into a superficial and deep portion, the former being 
left attached to the olecranon, tlie latter to the shaft of the humerus 
These two parts of the tnceps are turned downwards and ujnvards 
respectively, the ulnar nerve is identified and held aside, and the 
lower end with the articular surface of the humerus is thus fully 
exposed (Fig 118) 

Although It IS then possible to fit on a Y-shajwd plate, it is usual!) 



210 


OPERATIONS ON BONES 


much better to be content with fi\mg the brot.en fragments In tme 
wire nails or b\ J.angaroo tendon, because these produce mudi fev. 
reictnt fibrosis in the joint 

The arm is placed in a position of moderate flexion of the elbow , 
and the o\crlappmg parts of the tncepsare sutured without tension, 
using stout (No 8) chromicizctl catgut 

Plating of X\\t forearm bones is done for fractures of both bones, or 
for that of the radius alone with much displacement It is doubtful 
if fractures of the ulna alone e\er reqmre operation Tlie two bones 



should be expo‘s by sepinic JopgitudinaJ incisions, fliat /or lh<: 
ulna being along its posterior subcutaneous border, while that for the 
radius should be along the inner margin of the supinator longus muscle 
Plates about I m long should be used and, while that applied to the 
ulna IS straight that applied to the radius «hould be suitablj bent 
if It IS to be fixed to the cursed part of the bone It is easier to deal 
with the radius first, taking great care to secure correct position of 
the fragments in rLS|>cct of rotation Usuall>, the upper fragment 
full> supmated b\ the action of the bKxps, and the lower fragment 
must be adapted to this In fractures of both bones it will often be 
enough to operate on the radms, leasing the ulnar fragments to find 
their own adjustment , .1 .» 

In plating the bbta the inosion should be curved outwards <0 tnai 
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It will not he immediately over the broken bone The plate should 
be applied to the lateral surface of the bone, that is, behind the crest, 
where the bone is covered bv the muscles between the tibia and fibula 

Plating of the femur should be done through a long external incision 
between the rectus femons and the vastus extemus 

Removal of plates. — WTien platmg operations were introduced, it 
was never contemplated that the plates and screws should be removed , 
but now removal has been suggested After a successful plating 
operation the metal bodies become buned in new bone and cause no 
pain or other symptom In these circumstances it is foolish to interfere 
with them Plates and screws should never be removed unless they 
cause inflammatory reaction shown by osteitis pain or a sinus 

Plating tends to delay natural repair by callus If a plate is 
removed after tw o or three months, the w eak callus repair may give 
way and non union result 

Complications after plating. — Not infrequently after plating opera 
tions a sinus forms m a part of the wound or at one of the stitch-holes 
Very often it will heal spontaneously, and there need be no huny in 
opening the w ound or removing the plate The short screw s used to 
fix the plate may become loose at any time after operation, but most 
frequently after a considerable period, months or even years The 
fonpa^tion of a sinus and the loosening of the plate are the subjects of 
much difference of opinion On the one hand, it is held that they are 
really due to primary infection of the wound and can only be avoided 
by special aseptic precautions during the operation On the other 
hand, there is convincing evidence that both are due to defective 
mechanical fixation A third view is that the metallic foreign body 
irritates the living tissues, causing absorption of bone, loosening of 
screws, and the formation of a sinus Two facts may here be men- 
tioned, both of which are borne out by experimental and chmeal 
evidence One is that the formation of the sinus takes place some 
time after the operation and when the mcision has healed without 
trouble, which Would indicate that it is due to a disturbance from 
within and not to an infection from without Tlie other is that large 
plates may be securely fixed by screws or bolts without any irritation 
or the formation of a sinus it is the small plate, or the plate insecurely 
fixed, whicli IS usually associated with these complications 

The practical difficulty is to deade what to do when a sinus arises 
or the plate becomes loose In the early stages, the limb should be 
fixed by a good external sphnt — the best usually being a plaster case — 
in which a window is cut If tins produces good union, witli healing 
of the sinus, nothing further will be necessary But if the sinus 
persists, or if the X-rays show that the plate and screws hav'e come 
adrift when union ought to have taken place, then they had better be 
removed On the other liand, there is no justification for removing 
the plate and screw s simply to get rid of the foreign matcnal if smooth 
healing has taken place Tlierc are some cases in which, long after 
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union, pain is complained of at the scat of fracture Sucli cases usuallv 
show a pronounced thickening of the bone m which the plate hes 
embedded It is possible that such a tlnckcning may be partU 
inflammatory and the plate and screiss arc commonly removed 
Tins does no harm, and free exposure of the bone and removal of the 
plate and screws may give relief On the other hand, in most cases 
of successful plating, both plate and screws remain in position for an 
indefinite penod w itliout causing symptoms 

4 PiATiNC WITH Bolts 

Plating performed in the ordinary’ way with short screws has certain 
drawbacks and limitations, the chief of nluch are the tendency of the 
screw s to be pulled out by any force w hicli tends to angulate the bone, 
and the consequent liability of the bone to displacement before union 
Usually this draw back to plating may be overcome by the addition of 
clips to the two ends of the plate, or by careful external splinting 
There are, however, certain conditions in which the plate should lie 
fixed to the bone by bolts that traverse its whole thickness The best 
example is where a fracture of the /^Ki^r end ojihe sha/l oj the femur i* 
associated with separation of one or both condyles 

Instruments required —The bone set (p 2S3) , dnlls of sufficient Icngtli 
to go right through the bone . plates and plate lenders , screws and screw 
drivers, bolts, nuts and washers, spanners fitting the nuts, strong 
wire cutters 

The bolts are made 4 in long and i or •j/V in m thickness, with the head 
cut lor a screw -driver and a nut with an hexagonal or a milled head Tliey 
are made of soft steel so that thc> can be cut to an> length bj strong wire- 
cutters Bach bolt must be provided with two washers of at Itist I in 
diameter, one of which at each end preients the head of the bolt or the 
nut from sinking into the bone 

Technique. — The site of fracture must be exposed by two hteral 
incisions, one long and one short, the former to allow the plate to be 
placed, and the latter to adjust the nuts on the other side of the bones 
The first part of the operation, the exposure of the site of fracture, i-> 
exactly similar to tliat alread) described A plate of suitable sue is 
now taken and bent so as to fit the mtural contour of the bone A bolt 
IS passed right through both condj les and through the low est hole in 
the plate, and fixed by the nut and washer (Fig 117) A second bolt is 
used for the upper part of the plate to fix U against the shaft of the hone, 
and, if thought nccessarv . one or two short screws mav be added Tin-* 
method of fixation wall give such a secure result that movcmcnt> of the 
knee can be undertaken as carU as three to four wcek< after the opera- 
tion The limb should be put up on a splint with thekncepartlv ficxtd 

5 CCRCLAGE OR FiMNC. B\ BvSOs OR WiRPS 

Tlie use of w ire in the fixation of fractures lias been somew Inf 
abandoned bv man> surgeons because, in iJie earlj efforts at bone 
fixation. It was customaiy to tie bones loosely together b> thin win.. 
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and the result was so bad as to justifv the adoption of some other 
method It is not the use of a metallic substance buned in the tissues 
\\hich leads to the formation of a smus or to non union it is the 
insecure fixation of the fragment, uhich permits the movements of 
bones on one another, and causes imtation that leads to the w ound 
breaking do^%n If the fracture is suitable for wiring and if the wire 
IS of the right size and Kind and is properly applied and fixed, this 
operation is perfectly satisfactory 
The jndicaffons are very well defined a long oblique or spiral 
fracture which cannot be satisfactonly reduced by traction methods 
The obliquity of the fracture sliould be such that the length of the 
broken surface is more than twice the breadth of the bone 
Instruments required. — In addition to the bone set (p 233) Parham’s 
steel bands and fixing instrument- or iron wire wire tightener and wire 
cutters, and curved w ire-mtroducers of different shapes and sizes 
Technique. — ^The exposure and reduction of the fracture are earned 
out on exactly the same lines as desenbed for plating The fracture is 



fixed in position bj a bone clamp forceps, which is placed about mid- 
wa> between the ends of the fractured surfaces A band or ware loop 
IS then passed round the bone, as near to each end of the fracture as 
will secure a firm gnp of the sharp end-, Parham s band (Fig 119) 
consists of a flat band of soft stcekfjjin wide and T*jin thick One end 
of the band is expanded and perforated bv a <jlot hrge enough to take 
the other portion of the bind The opposite end his a hole which is 
caught b\ the tightening instramcnt The bind having been passed 
round the bone, the small end ib threaded through the slot in the large 
end and the loop so formed is drawTi as light as. possible TJie project* 
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end js then fixed m the screw-tightening instrument and the band 
pulled quite tint , after ^\hlch it is bent sharpU dou-n, Temo\ed from 
the tightener, and cut off so as to leave a sufficient length for fastenin'> 
If uireia used, it should be umnnealed iron wireof a gauge of IG 14 or 
12 This wire is much stronger than silver and, being quite cheap cm 
he used in long lengths so that it can be tightened more efficjcntl^ thm 
short lengths mercl} tightened bj t\vj>tjrg A method of tightening the 
wire is shown in Tig 120, using a double loop Wliether a band or a 
wire IS used, it is essential for success (I) that the fracture be firmlv and 
accurateh fixed b\ the forceps before the metal circles are put m 
position (2) that the metal sutures be strong enough to hold the bone, 
and (3) that thev be drawn absolutch tight and firmh secured before 



the release of the forceps If the fracture is not full) reduced, if tension 
is placed on the sutures themsclvo to pull the bones into position ind 
if a certain amount of pla) is allowed between the bones, the method is 
likelj to fail 

In some cases where the fracture can be brought together without 
much tension the cerclage ma> be done with kangaroo tendon or with 
chromic citgut After cerclage, it is ahva) s wise to put the limb in a 
plaster ca^e as the mechanicil hold of the wire or bind is weak 
The closure of the wound and the after treatment arc the same as 
have already been described 

6 Fixation bi IvrRV'tcDtLLARV Pres 
Tlic fivation of a fracture bv intrimcdullarj bone p<^s represents 
the simplest and easiest form of operation for l>one union 

The peg when made of bone, is readily incorporated into ana 


fixation bv pegs 


215 


absorbed by the human bone-tissue, and, being placed in the axis of 
the bone, automatically secures correct apposition and alignment 
The insertion of the peg only requires the exposure of the fractured 
ends and only a small extent of their surfaces 

Indications. — The operation is indicated by an almost transverse 
fracture, without comminution m the shaft of a long bone, or at the 
junction between the shaft and the extremitj, when the fracture 
cannot be accurately replaced by non-operative methods It is 
particularly useful m fractures of the forearm hones and of the shaft- 
of the femur 

Instruments required.— In addition to the Ixme set (p 283). there will be 
needed bone pegs of a suitable size and a set of twistAinlls with a handle 
The pc^ ivhich may be needed are of the following sizes • — 

I in by 1 in in b> l^in ^ in by 3 m 

j/W in by 1 in j in by 2 in rV ^ m 

in by 1 i in m bv 2 in i in by 4 in 

The smaller <a 2 es should be made of ivory and the hrger of bone Each 
peg IS presided with a central stop or ndge (Pig 121) to prevent its being 
thrust too far down either fragment 

Technique. — A short in- 
cision is made over the site 
of fracture, and each frag 
merit is seized by a separate 
pair of bone*hol^mg forceps 
which not only serve to hold 
the bone during subsequent 
manipulation, but also help 
to present the fragments 
from splitting on insertion 
of the peg Each fragment 
in turn IS brought up info 
the wound, and its marrow 
cavity drilled by twist-dnlls 
of gradually increasing size, 
until the drill is felt to be 
biting fairly dense bone The 
other fragment having been treated similarly , a peg corresponding in sire 
to the largest drill is dnven into one fragment up to the central stop 
Great care must be taken to see that tlie peg just securely fits the 
prepared medullary channel , if it is too large the bone-end will be 
broken up when the peg is dnven home The other fragment is then 
drawn out of the wound and set at an angle to the protruding peg, 
with the end of which it is made to engage The tv%o pieces of bone 
are then ilnwoi away from one another, while the angle at their 
junction, fonned by the peg, is pressed down so as to bring the whole 
bone into one line (Fig 122) When this has been done the peg will 
slip into place and, before it is pushed quite home, the onentation of 



Fig 1*1 — Ivory or bone pegs 
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the fragments must so he adjusted m respect of rotation that thex 
exactly interlock If the tension of the soft parts is too great to allow 
manipulation of the second fragment over the peg. the latter should 
be cut short It is not necessary to preserve more than about in 
of the end of the peg to secure the object of the operation— that is the 
accurate end-to end apposition of the fragments Angulation must 
be prevented by proper external splinting 
In the /nimerus, this pegging operation ma> be useful for a fracture 
of the surgical neck, or of the middle of the shaft If it is used, how- 
ever in the latter situation, some special precaution should be talen 
to prevent the weight of the arm dragging on the junction, as the peg 
affords no secunty against separation of the fragments The simplest 
precaution consists in placing the arm on an abduction splint , but 
this is somewhat irksome if it has to be contmued for more than a few 
weeks A more exact precaution 
consists in passing a transverse 
pm Or nail right through the bone 
and the peg, abov e and below the 
fracture 11115 will serv e to pro- 
tect the fragments, not onI> from 
Fif i2t —Insertion of short bone peg being pulled apart but also from 
being rotated It is particular!} 
necessary to make this addition to the simple peg when the latter is used 
m delayed union In such cases there is but little muscle tension, and 
there is usually a definite gap between the bones, wluch vvUl be still 
larger when the fibrous tissue filling the fracture has been cut aivaj 
In the radius and ulna, if the fracture is transverse and not com 
minuted, the method is ideal because of its simphcity, and also 
because of the small injury done to the surrounding parts If the two 
bones are fractured at the same level, it is possible to expose both by a 
single curved incision on the back of the arm The proximal fragment 
of each bone is fitted with a peg and the distal fragments are then 
mampulated into position simultaneously In the after-care of forearm 
fractures thus treated, the limb should be put up in a plaster-of Pans 
case extending from the knuckles to the deltoid insertion, the elbow 
bemg at a nght angle, the forearm midway between pronation and 
supination and the hand dorsiJlexed The plaster case is cut mto an 
inner and an outer half at the end of ten days so that movements 
of the fingers wnst and elbow may be begun but rotation of the 
forearm should not be allowed for four weeks 
When used for the femur the pe^mg method is in many cases the 
simplest and most efficient means of operative treatment It is best 
suited to transverse fractures of the middle of the shaft— that is, where 
the marrow cavuty is well defined It wiU always require an efficient 
caliper splint for about six months to prevent bendmg of the shalt 
during the penod of early soft umon The tibia is only suitable for a 
peg m the lower half, the upper part having a marrow cavity whicli is 
too large and not adapted for a circular peg 
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7 Nailing Methods 

A small portion of bone may be fixed on to the mam shaft b> sutures 
or nails Nailing has the ment of simplicity and efficiency It 
may be performed to remedy fractures such as the separation of the 
great tuberosity of the humerus one of the epicond} les, the tubercle 
of the tibia, or one of the small bony processes about the ankle joint 
Or it may be used to affix a piece of bone N\hich has been deliberately 
cut from Its place dunng a surgical operation For example, the tip 
of the olecranon may be removed m order to expose the back of the 
humerus the great trochanter may be chiselled off from the femur to 
expose the hip, or the tubercle of the tibia may be turned up to gam 
access to the knee joint In each case the separated piece of bone is 
most conveniently refixed by a nail It is not necessary to gne a 
detailed description of so simple an operation, but the nail must be 
descnbed For most purposes a small carpenter's nail answers 
perfectly well It gives strong and firm fixation, and remains m place 
indefinitelj' For small, delicate pieces of bone like a separated epi- 
condyle of a child a fine w ire nail is best , when, on the other hand, 
a comparatively large piece of bone has to be fixed to the cancellous 
extremity, if is better to use a stout bone nail of square section, the 
reason being that such a nail will afford more secure contact and a 
firmer gnp of the open bony tissue In inserting a nail into cancellous 
bone, It IS not necessary to drill a hole, but the pointed nail should be 
hammered directly into place 

Nails so used are much to be preferred to long carpenter’s screws, 
which can never be driven tightly without teanng the soft cancellous 
tissue When this happens the screw lies loose, and e% en if temporary 
fixation IS secured, the screw will usually have to be removed later 
There is a third way la which a long nail or transfixion pm can be 
used to fix a fracture This is to leave the end of the pm projecting out 
of the limb, to be removed later Take for example, an oblique 
fracture of the tibia in w hich traction has reduced the shortening but 
lias left some lateral displacement The site of the fracture is exposed 
and the bone ends adjusted A long nail or transfixion pm is made to 
pierce both fn\gments^ and preferably this nail is introduced tlirough 
a part of the soft tissues other than the mam wound The wound is 
sewn up and the leg is encased m plaster, through which the end of the 
pm projects Tlie pm is removed at the end of two or three weeks 

rRACrURE OF THE NECK OF THE FEMUH 
Fractures of the neck of the femur are divided into two mam classes, 
the centcal, those m which the true neck is broken, and the feriro 
chauierxc, those m which the fracture runs through the mass of the 
trochanter at the base of the neck The latter result from great 
direct violence are associated with much deformity (shortening and 
angulation), and undergo rapid bon} union If unimpactcd the} 
should be treated b> skeletal traction in a position of flexion and 
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abduction of the hip If impacted it is essential to disimpact befort. 
applying traction This can usually be done by forcible abduction 
malcing counter pressure at the pomt of fracture 

Transcervtcal fractures often occur in old patients from truial 
Molence At first there may not be much deformitj but there is a 
great liabdity to nonunion Whitmans method of fixation in a 
large plaster of Paris spica is long tedious and verj uncertain Fa-ation 
by the Smith Petersen nail has non become the recognized method of 
treatment because of its simphcity and the rapid re'itoration of function 
It can be safelj earned out m the majonty of patients e\en those of 
advanced y ears and feeble ntalit^ 

Smith Petersen’s operation — The essential of this method is the nail 
(Fig 123) « hich is made of stainless steel in \ anous lengths (S to 5 m ) 
It consists of a head and a shaft the latter being made of three radiating 



Fig X23 — Sm th P«tersen s nail (Watson Jones pattern (o) Cross section 
w th central canal lor guide dnll) 

blades of thin steel each about J in wide The modem pattern ls 
perforated in its long axis by a channel which takes a guide wire or 
drill If this nail is thrust truly home through the base of the great 
trochanter and along the axis of the neck of the femur into the head 
of the bone right up to within J in of the articular surface and if the 
fracture is firmly impacted it w ill be so held by the three-flanged nail 
as to give perfect fixation and the patient can begin to flex the hip at 
once and can get up ujthin a few days The nad may be introduced 
by open operation or by a blind method using w ire* or a dnll to 
guide It mto position 

The open operation — This should only be done m the comparative!) 
young and vagorous patient and especially for sub-capital fractures 
in which the small fragment is difficult to control except by direct 
approach 

Instruments required — ^The ordmary dissectmg instrurncnt a graduated 
metal measoxL for estimating the length of the nail (^\ it^on Jonet>) ''inuh 
Petersen nails of vanous lengths guide drill hammer piindi impictar 
(Figs 124 l‘’G) 

Technique — ^An mciMon 8 in long (Fig 127a) is made from the 
antenor superior spine down to the tip of the great trochanter and 
then dow n the upper part of the shaft of the femur The femur and 
the hip-jomt are exposed between the tensor fascue fcmoris and the 
gluteus medius and the hip-joint and the line of fracture are exposed 
bv splitting the capsule (Fig 127») The guide dnll is thrust into 
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Woman aged forty four Fracture of 
the nock of the femur tvvo >ears after 
accident Condition Immo liately before 
operation 
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Same case eighteen months after 
proximal pegging I cgs same length 
nogr'tin perfect function walkeluhh 
ihso]utcl> normal gait 
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Fig 124 —Graduated metal bar placed on outer surface of th gh on same level as 
femur before tak ng antero-postenor X ray It w n g,7e the length of the nail 
required in Quarter inches 



Fig 125 —Punch placed over the drill on to the head of the na 1 



F g J 36 — Impactor placed aga nst the outer surface of the femur ever the head 
of the na 1 and drill and struck so as to force the neck against the head 


the base of the trochanter ibout 2 «« belotv its most prominent lateni 
point and made to emerge in the centre of the fractured surface of the 
broken neck The bone is manipuhted until the frictured surhees 
are in perfect apposition nnd the guide drill is then thrust into the 
head A nail of the cor 
rect length is taken the 
length having been ascer 
tainedjprcviously by means 
of a graduated metal 
measure (Fig 124) placed 
on the side of the thigh at 
the same depth as the femur 
before the anterior posterior 
X ray The nail is threaded 
on to the guide drill and 
hammered home by the 
punch (Fig 125) and the 
fracture is finally forced to 
gether by the impactor (Fig 
126) The capsule and 
muscles are closed by deep 
stitches and the skin bj 
silkworm gut Xo splint 
or plaster is used after the 
operation but outward 
rotation of the leg is pre 
vented bj shnging up the 
flcNcd knee 

The advantages of this 
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Open operation are (1) that it is not dependent on X-ray e\idence 
to ensure the correct placing of the nail, and (2) that*the exposure 
of the line of fracture gives an opportunity for exact reduction 
and for the removal of any interposed soft tissue Its dis- 
advantage IS that It involves a senous operation and an opening 
into the hip )omt This makes it unsuitable for feeble, aged patients 
The blind operation. Using several wire guides — In this operation, 
suggested by Sven Johanson, the nail is guided into position under 
X ray control The fracture is first reduced accurately, as proved 
by frontal and lateral X rays and three or four Kirschners wires are 
then thrust into the neck of the femur through the base of the tro- 
chanter X-rays are taken to show which of the guide wires is in the 


. true axis of the neck All other 
. / wires are withdraw-n and the per- 

1 forated nail is driven into the 

j y' femur over the remaining wire 

/ /y^Xl practice this method 

/ // 'ery tedious and un- 

y // satisfactoiy' 

y ' l Using a mechanical guide -—The 

^^yyyC 'x line and depth of the neck 

^ ' II) femur may be accurately 

) J \ ''^11 I gauged by a mechanical guide 

I } (// such guides have been in- 

J / I / vented, and it will suffice to de 
^ 1 /// scnbe one of the simple types and 

11 Its use In the first place the 

' ( I fracture must be exactly reduced 

fj by traction and this reduction 

1 1 verified by X-rays taken in two 

^ planes The line and length of the 

of th^ femur aremarUd and 

measured by a graduated two 
hmbed caliper (Fig 128 ) The hinged metal caliper is placed on the 
patient s skin with its angle below and medial to the anterior superior 
spine , one limb lies parallel w ith the fold of the groin and the other 
vertically down the middle of the thigh It is fastened by adhesive 
plaster to the skin, and an X-ray is taken Two points have to be 
marked on the skin (a) the mid-point of the head of the femur, 
and (6) the point where the axis of the neck and the axis of the 
shaft cross These points can be recognized on the X-rays, and their 
relationship to the notches on the compass guide wall enable them to 
be marked on the skin 

The drill guide (Fig 129) consists of three vertical rods attached to 
a honzontal bar The two rods which are pointers to the line of the 
neck are sharp one (A) fixed at the end of the honzontal bar. is to 
mark the centre of the head of the femur, and the second (B), whicti 
slides along the honzontal bar. is to mark the point where the axi-» 
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of tlie neck and the shaft cross TTie third vertical rod (C) which 
aJso slides along the hon^ontal bar, holds a tubular drill earner A 
dnll guided by the dnll earner must pass along the line between A 
and B, the points resting on the head of the femur and the neck when 
viewed from the front, i e , m the vertical plane It will also follow 



Fig t39A — Ootl guide for blind 0{>«rafien on femur 



Fig 129B — Dnll guide applied. 


the line of the neck of the femur correctly in the horizontal plane 
Tins IS secured by the fact that the length of the three vertical rods 
arc 2 in, 2} m and 23 in respectively This wall be easily understood 
b> reference to Fig 129o These measurements arc m accordance 
with the fact that the head of the femur is J in nearer the surface 
than the front of the neck of the femur, and that the latter is | in 
more superficial than the avis of the neck 
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The operation —The fracture having been pulled into tood iwiitiun 
as proved by frontal and lateral X mjs and the two points A and B 
havnng been marked on the patient s skin the operation cm begin 
In dealing with feeble old patients there is a good reason for doing 
the operation m bed rather than moving them at the last moment on 
to an operating table Moving the patient on to a table involves 
taking the \ ra>s and marking the skin points after the move 
Anesthesia is b> gas md o\>gen The skin is punctured bj i 
tenotomy knife over the points A and B and the pointed rods of the 
drill guide having been adapted to the proper distance between A 
and B and fixed are thrust vertically through the skin and soft parts 
until they impinge on the bone beneath “Hie vertical rod C is then 
slid up the honrontal bar until it touches the skin of the outer side 
of the thigh A pointed drill ^’jin in diameter is then inserted into 
the earner thrust into the kg and dolled right up the neck into the 
head of the femur It is rather an advantage if this drill transfixes 
the acetabulum as it wall thus steady the head when the nail is dnven 
in The drill guide is then taken away leaving the doll m place 
An incision 2 in long is made through the skin with the doll a> its 
centre and this is deepened dovvai to the bone The canalatcd nail 
IS passed over the doll and hammered into place by the perforated 
punch The fragments of the fracture arc forced together by a few 
strokes on the impactor the doll is removed and the wound closed 
Two \ rays arc taken before anesthesia is concluded to ensure that 
the nail lies m the true axis of the neck of the femur and that it has 



Fig T 30 D agrammat c sect on showing 
the structure of the bone graft The graft 
IS eotnpos*d of a major amount of spongy 
bone encouraging early rasculanzat on and 
only ft suffiaent ftmount of corticaf bone to 
maintain firm fixation. 
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been driven m far enough and not 
too far The actual tune occupied 
by the operation is only about 
five minutes it is without shock 
and without loss of blood and for 
this reason can be safely u«:ed for 
old and feeble patients 

After treatment — Tins is the 
same as after the open operation 
no splint being used and the knee 
being kept slightly flexed so tint 
the leg cannot rotate outward? 
Exercises of ankle knee and hip 
are undertaken after a few davs 
At the end of a week the patient 
gets up wath crutches putting the 
foot to the ground within about 
SIX weeks 

Elhs Jones operation — Although 
thi5> was designed befon. the 
Smith Petersen nail operation it 
still has a place in surgical tech 
niquc It IS especially indicated 
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where effiaent treatment has been postponed for scleral ueeks or 
months and where it is desirable to expose the seat of fracture remove 
intervening tissue and adjust the position A long incision is made 
on the outer side of the great trochanter, which is fully exposed 
A piece of bone 4-5 in long and 4-1 m thick is cut x erf icall) from 
this part of the bone The neck of the femur and the area of the 
fracture are exposed and can be refreshed and then placed in accurate 
position After this the bone graft is dn\ en up into a suitable hole 
drilled in the axis of the neck of the femur (Fig 130) The xxound 
having been closed a plaster of Pans spica must be applied and 
kept m position for about three months 

OPERATIONS FOR UN UNITED FRACTURES OF THE NECK OF THE FFMUR 

Nailing operations can be earned out for ununited fractures even if 
some penod has elapsed provided that the head has not lost its 
vitahty (shoviTi by the X ray appearance) and that the neck has not 
been absorbed But it cannot be too stcongly emphasized that the 
chances of success ivill be greatly diminished by delay because of 
sclerotic changes at the fracture surfaces ^^^len houever all hope 
of bony union is lost it is still possible to do something to alleviate 
the pain and lameness which will otherwise accompany an unumted 
fracture There are three possible operations each of which has its 
special indications 

liOrenz’s birurcation osteotomy* — Tins operation which is described 
below (sec p 2C5) is the method of choice for old and feeble patients 
It IS simple and free from shock 

Schanz’s cuneiform osteotomy. — In this a more precise recon 
struction of the upper end of the femur is earned out Two stout 
transfixion pins are driven into the upper end of the femur The 
upper goes through the trochanter into the base of the neck the other 
through the upper part of the shaft Thc> are set at an open angle 




Fjg 131 — ^SehMi* osteotoniy 
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so that when the wedge has been removed between them they will be 
parallel (F:g 181a) A wedge is cut from the bone between the two 
pins and the gap IS closed by drawing the pins together {Fig 131b) 
The projecting ends of the pins are incorporated in a plaster spica 
The effect of this operation is to rotate the upper end of the femur to 
he vertically below the head In some cases bony union has eventually 
occurred at the seat of the fracture, owing to the pressure of the broken 
bones on one another 

Whitman’s reconstructive operation. — ’In this the head of the bone 
IS removed from its socket and the neck of the femur is placed in the 
acetabulum It is only suitable for comparatively young and 
vigorous patients An incision is made along the anterior 2 in of the 
iliac crest and down the Ime of the sartonus for 4 m The hip-joint is 
exposed by turning the sartonus medially and the tensor fascnc 
(femons) and gluteus medius laterally T^e capbule is opened bv 
chiselling off its lower attachment to the mter-trochanteric line and 
turning up the antenor portion (Fig 132) The head is removed and 
the neck brought forward and round^ The tip of the great trochanter 
is cut off and re attached to the shaft at a lower level TJie capsule 
similarly attached at a lower level so as to sling the femur up in its new 
position (Fig 183) The wound having been sutured, the leg IS put 
up in an abducted position and fixed m a plaster cast 

8 Suturing b\ Wire or OTurn Mvtcrial 

There are two fractures m which wire sutures remain the simplest 
and most efficient method of treatment, viz fractures of the olecranon 
and tlie patella They are occasionally of use in fractures of the 
mandible 

TRACTURC or THC OLECRANON 

All recent cases of this in/uiy, inth complete separation of the small 
fragment, should be treated by open operation, unless the patient is 
old and debilitated 

Instruments required are those of the bone set (p 233), together with 
some hand dnlls md some No IG soft iron wire 

Technique. — ^Thc arm is placed across the patient's chest, a U* 
shaped incision with the bend downwards is made over the elbow, the 
sides of the U beginning just above the back of the condyles, and the 
lower part of the incision crossing the upper end of the ulna The flap 
thus marked out is turned up as far as the point of the elbow , the 
broken piece of olecranon is defined by turning aside the tom aponeur- 
osis covering the fracture The blooilclot is removed from between 
the fragments and the cavaty of the joint, and the fragments are then 
brought down into accurate apposition with the shaft (Fig 184} 
Holes are made from side to side through the shaft and flic separateil 
process that through the process being as near to the superior surface 
as possible, while tint lliruugh the shaft is about 4 in from the fracture 
Two wire loops are passeil throu.’h this pair of holes in reverse 
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directions The fragment is held m exact apposition and the two 
loops of i\ire are tightened and twisted simultaneouslj A smele 
loop of i^re IS often sufficient but the advantage of the double loop 
IS that the two sides of the fragment being pulled \wth equal tension 
there rviU be no tendency to lateral tilting A cut should be made 
m the aponeurosis for the portions of ivire which he at the side of the 
fracture and into this cut the tivisted ends should be turned after 
cutting short The aponeurosis is sewn together over the fracture 



{>OTC — Tills was drawn fmn a case m wb ch an cxtrrnai bow-sbap«d incision 
was used bu m firaciire t is (■« icr a U-shapfdmci-fon.) 

and also over the wire so that the wre lies completely buned After 
the wound is sutured the arm is placed in a sling in a position of 
flexion of the elbow without any splmt From the third day onwards 
the slings should be removed at least once a day and the hand dropped 
as low as can be borne without pam and then raised to its former 
position with the aid of the uninjured hand At the end of ten days 
or a fortnight when the wound has healed the patient can use the arm 
for simple every day actions but it should not be allowed to hang 
at the side for a further period of two weeks 

Many surgeons use chromicized catgut instead of ware but I greatly 
prefer ware because movements can be undertaken early without any 
fear of displacement 
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rKACTURE or THE PATELLX 

All fractures of the patella with marked displacement of the frag- 
ments, such as result from muscular violence, should be subjected to 
open operation, performed within the first w eek after the accident, and 
before contraction of the quadriceps has occurred 

Wiring the patella.— Running the wire as a circular suture, almost 
surrounding the bone, like a nm round a wheel, is better than placing 
vertical loops in the way often described and figured Not only is it 
easier and more efficient, but it allows the leg to be used verj shortly 
after the operation, without fear of the wire breaking or cutting out 
The patella is particularly unsuited for plating, as the plate would have 
to be placed just beneath the skm and the screws would have no dense 
bone in which to hold 

Instruments required. — ^The same as those indicated for the fracture of 
ofecrxtKTfi but a thcckcr <jf rnyrr wtre aVo / f or iVo 12 should 

be used 

Technique — A U shaped incision is made, surrounding the patella 
at the side and above The flap is turned dow n to expose the fracture 
The fragments arc drawn farther apart while the knee is fully flexed, 
and the joint is cleared of blooddot or small fragments of broken 
cartilage The tom aponeurosis is lifted from the fractured surfaces, 
and the fragments are brought accurately together the knee being 
extended Holes arc drilled m the patella from side to side, as near 
to the upper and lower margins of the bone as is practicable Grooves 
are cut in the soft tissues at the side of the patella, from the upper 
to the lower hole Double loops of w ire are passed m reverse directions 
the loops simultaneously tightened twisted, and cut short while all 
the time an assistant holds the two fragments firmly together The 
aponeurosis is sewn over the fracture and, where it has been torn, at 
the sides of the patella After suture of the mcision the leg is placed 
m slight flexion over a pillow It is raised to a straight position once 
daily after the third da> and when the wound has healed at the end 
of about a fortnight, the patient is allowed up 

Jfany surgeons prefer to use chromic catgut for suture of the patella 
In this operation only the aponeurosis over and at the sides of the 
broken bone is sew n together, but a stout kangaroo tendon can also be 
made to encircle the whole bone If this technique is employed, the 
leg must be put up in plaster for six necks, to gi\e time for union 

Tlie operation is considerably more difficult if some time Ins elapsed 
since the fracture so that the upper fragment has become drawn up 
2 in or more away from the lower It must then be done in two stages 
In the first, the fracture having been exposed in the usual way, the 
upper fragment is detached, together with the lower part of the 
quadriceps muscle, from the front of the femur, pulled dow n as far as 
possible, and sutured to the low cr fragment by a stout wire loop, which 
IS tightened so as to obtain the greatest possible tension the structures 
10 
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^m 11 b^r This probably bnngs the upper fragments down for about 
half the necessary distance and the wound is then closed 
In the next stage to be performed a few days later the w ound is 
re opened and it w ill be found that the tension on the upper fragment 
has been so far reduced as to 
permit it to be completely 
replaced in correct position 
(Tig 135) 

An easier way of performing 
the first stage is to use a 
small transfixion pm which 
can be passed through the 
upper fragment without an 
open masion and to attach 
a 10 lb traction to this pm 
for a few daj s 
Fascial suture of the patella 
— The onl> drawback to the 
wire sutunng of the patella is 
that it often leads to some 
osteitis w hich causes thicken 
mg and roughenmg of the 
knee-cap For this reason 
many prefer to be content w ith 
suturing the aponeurosis mth 
chromic catgut but this will require a rather longer immobiliza 
tion m an extended position Probably a strip of fascia lata is 
the best A J shaped incision is made the long lunb of which 
runs upwards from the knee on the outer side of the leg m the line of 
the ilio tibial band and the cuned part crosses belou the knee 
across the hgamentum patelke Tlie fracture having been exposed 
and bloodclot removed a stnpof fascia lata is cut 6 inches long and 
I inch wade This is separated abov e but left m its natural attachment 
to the outer tuberosity of the tibia below This fascial strip is then 
pulled through the quadriceps tendon just above the upper patellar 
fragment to the inner side of the knee by means of long forceps 
thrust through the tendon just above the patella Similarly the end 
of the fascial stnp is pulled through the hgamentum patellae to the 
outer side of the knee The fascia now surrounds the patella the 
two fragments of which are adjusted into accurate apposition whilst 
the fascia is pulled tight The end of the fascia is now twisted 
round the fixed base and securely sewn bv fine kangaroo tendon 



Fij 135 — Wiring patella 


In this way not only is the sutunng earned out by a very <trong 
band of bvmg fasaa but also the fixed end of the ilio tibial band 
a second natural insertion for the quadneeps into the tibia Tins 
method is to be employed m all old fractures of the patella because 
although the fragments may not be brought together yet the upper 
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fragment and the tendon of the quadnceps wiU be given a firm new 
attachment to the head of the tibia 



Removal of the patella — ^Brooke* has shown tint rapid restoration 
of function and a perfectlj strong Knee will follow excision of the 
patella If this is confirmed by other workers, this method will become 
that of choice m all recent cases 

The patella is not in reality a part of the extensor tendon and its 
aponeurosis but is a sesamoid bone lying behind these structures 
When the patella is broken bj indirect violence the aponeurosis over 
It IS torn together with the strong lateral expansions To restore the 
extensor tendon, it is necessary to unite the tom aponeurosis, while 
the fragments of the bone whidi tend to hinder tins union are better 
remov ed 

The operation — A vertical mcision about -1 m long is made over the 
front of the knee and the patella with its aponeurotic covering is 
exposed (Figs 137, 188 ) The two fragments of the bone are then 
shelled out and removed (Fig 130) The aponeurosis is sutured with 
intemipted silk sutures (Fig 140), special attention being paid to the 
strong lateral expansions on either side of the patellar bed It ts 
through these expansions that the extensor action of the quadnceps 
js chief!} transmitted to the patellar ligament below A firm domette 
bandage is applied over a thick lajcr of cotton wool No other splint 
IS used After 2 da}s the patient is allowed up After 10 da}s tJie 
stitches arc removed and the drcs&ing discontinued The patient is 
able to return to work in 2 to 6 weeks from the date of operation 
After this operation both the strength and mobiht} of the knee are 
perfectl} restored and equal to those of the sound leg 

0 Bone gimftixc for Recent I r\ctures 
It has been suggested that the operation for fixing recent fractures 
should consist in bridging the fracture b> means of a strip of bone cut 

• B >1 Jtnn S* t Ajml 19)7 \ 733 
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Figs 137 138 139 140 — Emsjon of potfUo /of fxactufe. 

Fig 137 — ^The incision Fig 138 — Aponeurosis turned in between fragments 

Fig 139 —Clearing fragments for remoral. Fig rgo —Suturing the tendon and aponeurosis 
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from one fragment the idea ^\hlch forms the basis of this suggestion 
being that of repairing the bone tissue by living bone and so hastening 
the natural process of repair But this idea rather ignores the 
mechanical problems involved A bone graft placed on the outside 
of a bone takes much longer to acquire firm fivation than does the 
normal process of fracture repair Tlie hmb will therefore have to be 
fixed in plaster for a long penod In the majonty of cases, this method 
IS more complicated than is necessary for a simple displacement, while 
m difficult cases it does not afford a sufficiently secure fixation 

OPERATIONS FOR MALUNITED FRACTURES 

Before descnbing in detail operative procedures for the correction 
of malunited fractures, it is necessary to consider the conditions of the 
bones and soft parts in this deformity A malunited fracture has three 
components viz (1) Shortemug from overlapping of the fragments , 
this is much more important in the lower than the upper hmb (2) 
Angitlaiion with or without lateral displacement this is always a 
serious matter because the angulation of the bone always disturbs the 
mechanics of the nearest joint (8) I?o/rthe« this is chiefly important 
m fractures of the radius and of the leg bones . in the former it disturbs 
pronation and supination, and in the latter it turns the foot inwards or 
outw ards 

Union of bone is considered to have occurred when there i> more 
or less solid continuity between the fragments But this union occurs 
m two stages — by callus and by bone In the first stage the fragments 
retain their firm structure and clear outline while the uniting material 
IS plastic, varying in consistence from soft granulation tissue slightly 
impregnated with bone salts to dense callus almost like bone In the 
second stage the fragments have lost their clear outline and the dense 
substance< has been replaced for a time by more open vascular bone , 
the callus has become harder, and is of the same density as the frag- 
ments which it unites Finally, the whole area of bone has become 
more dense than normal, and the original architecture has been altered 
b> the laying down of new lines of dense bone and the removal of 
projecting processes 

These stages of repur, that by raUns mod that by iiruoft- merge 
gradually into one another but for practical purposes the distinction 
between them may be made by X-rays, which in the early stage show 
the original fragments dearly defined, while the callus is much less 
dense , m the liter stage the fragments are seen rounded off and the 
distinction between bone and callu:> is lU-definctl 

In dealing with malunited fractures it is necessary to distinguish 
betw een cases w Inch are still in a state of callus repair and those m w hich 
ossification w ith rtconstniction of bone lias taken place In the former 
type, if the deformity is such as seriously to interfere with function, 
the bone should be re-fractured — that is to say , the callus union should 
be broken down and tlvc limb put up in a correct jiosition It is easy 
after re-fracture of the callus to correct rotation or angulation by suit- 
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able manipulation but itmav bc\m di/TicuU too\ercome'hortenm? 
because all the mu'^les ami ^oft parts ha\e become adapted b\ con 
traction to tlie shortened state It is m such a condition that |H)«crful 
axial traction applied to a transfixion pm will be clearl> mdicatcd 
For an adult femur CO lb max be applied and for a tihn SO !b tht^ 
weights being used for about 4 to 6 dajs and then reduced to 10 and 
20 respcctivclj 

It IS xery unwise to attempt a reconstructive open operation on a 
seriously malunited fracture at one sitting It is desperately difiicult 
and dangerous to attempt by a single operative act to lengthen a femur 
which has 2 inches of shortening whereas it is easy and free from danger 
to do this by i gradual force actmg continuously for sev cral days 

WTien the fracture has reached a stage of ossification it is out of 
the question to do a reconstructive operation Not only have the end» 
of the fragments become structurally altered but the soft ti5iue<s 
muscles vessels and nerves have become adaptively shortened so as 
to make a restitution of the onginal bone-form impossible Of the 
vanous elements of displacement which may constitute the defomiitv 
of malumon angulation is by far the mo>t important It not onU 
increases the shortening of the bone but throws out of Jmc the joints 
at either end so that secondary deformities will arise to compensate 
for the primary Two common examples will make this dear In 
fractures through the neck or upper third of the femur the bone max 
have become united in a position of adduction which produces a varoid 
deformity of the hip tilting of the pclvi> and curvature of the spinc- 
Similarly internal angulation of the tibia and fibula at Ihcir lower ends 
will produce eversion of the foot and flattening of theardi Sometimes 
the evil results of malumon may best be overcome by arthrodesis of i 
neighbouring joint (sre Operations on Joints p lOfi) 

Operations for Angular Deforsiitv 

The treatment of angular deformity is to divide the bone by an 
osteotomv which may be cither simple cuneiform or curved 

Simple osteotomy — The bone is divided at or near tlie seat of 
fracture and then forciblv straightened If the scat of fracture has 
produced a large mass of bony thickening it is usualh ea icr and )U>t 
as efficient to divide the bone above or below this thickening 

lostnimcnts required — Knife du.'^cting forcep. artery forcep 

I>enosteaI clc\ ators \dams saw osteotome hammer needles and 
Fcnoiomy knives may also be required 

Techmque (Fig 141 ) — An inasion about 1 in long is made over 
the bone where division is intended Beginners may be well advisal 
to make a larger incision so as to see ^ttcr what they are do ng 
Tlie incision is deepened to the bone and the pcnostcum raised 
sufficiently to insert the point of an Adams saw or the bbd'' of an 
osteotome The knife is left m the incision wath its point toudung 
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the bone while the osteotome or saw is guided along it If the bone 
IS not too thick division may be made by the osteotome alone but 
it IS usually easier to divide the bone partly with the saw and partly 
wth an osteotome and hammer the division bemg completed by 
breaking If rectification of the bone is strongly resisted by certain 
shortened muscles these should be divided by i subcutaneous teno 
tomy The wound having been sutured the limb is put up m plaster 
of Pans or on a suitable splint wth the deformity mther o\ er corrected 
After Operations on the femur, the plaster is left for 6 weeks and a 



Fig 141 — Simple osteotomy of upper end of femur viewed from 
behind (the c^lus has become partly broken away) 


walking caliper used for ( months and after operations on the tibia 
4 weeks in piaster should be followed by side irons fitted to the heel 
of the shoe for about 4 months 

Cuneiform osteotomy. Technique — fn this operation a more precise 
correction of the deformity is attempted by removing a wedge-shaped 
piece of bone from the convexity of the cur%e the angle of the wtdgc 
bemg the same as the amount of the angular deformity which it is 
intended to correct This angle should be measured beforehand and 
a small piece of aluminium plate cut to represent it It will he necessary' 
to expose the site of the deformity by an incision several inches m 
length and it is often convenient to make this curved so as to raise 
a fivp and thus avoid an incision which will he on the divided bone 
The bone having been exposed saw aits arc made converging towards 
one another so as to meet at the concave border of the curved bonv 
and angulated to one another as already estimated Bv this means a 
wedge-shaped piece of Jwnc is separated and this should be removed 
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The bone can then be straightened and put up as before (Fig 142 ) 
Schanz s osteotomy is descnbed on p 253 
In actual practice, simple osteotomy is usually satisfactory for the 



fig J42 — Cunei/onn osteotomy of femur, viewed from behind 


upper end of the femur Cuneiform osteotomy is done for deformities 
of the tibia especiall> for tnalumon after Pott s fracture 
Caned osteotomj. — This is very useful for flexion deformity of the 
knee In addition to the ordinary instruments a fine band or 



p,g — Curved osteotomr 
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fretsaw js needed The loxver end of the femur is exposed bj two 
lateral incisions above the condyles the vasti muscles being pulled 
forwards The saw is passed behind the quadnceps muscle m front 
of the femur and a curved saw cut is made 8 inches above the Xnec 
with the convexity downwards the curve being that of the natural line 
of the condyles (Fig 148 ) After the bone has been divided the leg 
can be straightened the cut surfaces of the osteotomy sliding upon 
one another without making any gap or angulation 
Bifurcation osteotomy (Lorenz) (Fig 144 ) — This is a most useful 
operation for any condition of adduction deformity of the hip whether 



this results from ankylosis of the joint faulty position unreduced 
congenital dislocation or malumon of fracture through the base of tlic 
neck or trochanter 

A simple osteotomy is done through a small incision at the base of 
the great trochanter the femur being divided just below the small 
trochanter The thigh is then abducted until its axis points to the 
umbilicus and the shaft of the bone is pushed m towards the pelvis 
The limb is put up in plaster for 2 or 8 months The effect of this 
operation is to give functional lengthening to the legs bj tilting the 
pelvis downwards on the affected side Also the bodj weight rests 
more directly on the shaft of t)»c femur and is Ivomi, bv the w ide support 
of the Y into which the upper part of the femur has been shajwd 
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Operations for Lencthevisg Bones 
In a malamted fracture \vith great overlapping of the fragments 
and consequent shortening a sharp distinction must be dra\\*n between 
recent conditions %nth callus union and older conditions ishich have 
fully ossified In the former onJ> will reconstruction be possible and 
it IS usually vvnser to be content with transfixion and traction after 
breaking dovvTi the fracture The problem now to be considered 
however is the possibility of lengthenmg a bone which as the result 
of a fracture or deficient grovvdh is so much shorter than normal as to 
constitute a serious functional defect Such a problem will onlj occur 
in connection with the leg bones because a difference in length betw cen 
two arms is not of any special moment As there are so man) 
mechanical means by which alterations in length may be overcome 
it is probably only in exceptional circumstances that operative measures 
will be justifiable 



Fig 145 — Bon« lengthening by Abbott s apparatus 


The operation is difficult and recovery tedious The bone to be dealt 
with IS hard thick and deformed as the result of an injury or slight* 
and fragile as the result of paralysis The soft tissues will have to be 
stretched and this can only be done to a limited extent Thus m an 
adult femur it is seldom pcesible to get a lengthemng of more than 
I-Uzn 

Instnmients required — In addition to the bone set a good and a 

fine keyhole saw motor drills and some 'peaal distraction apparatus 
Technique — Supposing the operation to be done for femur the 
shaft of the bone is exposed in its middle portion by an anterior incision 
at the outer border of the rectus muscle The incision will hav e ^ be 
long and the muscles must be freely separated from the exjiosed portion 

of the bone and particularly from the back along the Jinea -^pera 
The simplest method of dindmg the bone is to make a long oblique 
drvTSion— that is to say about 3 m long in a femur 1 m thick I5ut 
J the operation is undertaken at aU it is better to attempt a more 
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precise method This consists in a long “T^-shaped division of the 
bone Two transverse cuts are made through half the thickness of the 
bone, one through the front and the other through the back, these ti\o 
cuts being 3 in apart from one another Then, by means of a fretsaw 
or a fine bandsaw, these two transverse cuts are joined by a longitudinal 
one The bone having been divided into two fragments with widely 
overlapping ends, the wound is closed and continuous traction applied 
The mechanism is different m the femur and the tibia In the femur 
the lower end is transfixed by a pm or taut wnre with a metal horseshoe 
holder The hmb is suspended in a Thomas s splint, and traction is 
applied by a weight or by a spring attached to the lower end of the 
splint In the lower leg bones, the fibula is obliquely divided and the 
tibia divided by a 'n_-shaped division Double transfixion is applied, 
^nd lateral distraction bars are fixed so as to exercise a pull of the 
fragments away from one another Abbott's apparatus (Fig 145) is 
comparatively simple * Harboush-f and others have designed more 
complicated machines in which the transfixion is b}'^ taut wares above 
and below the bone duasion 

Operations for Siiortemng Bones 

It IS much easier to shorten a bone than to lengthen it, and, para« 
doxical as it may at first seem, all the objects of the one operation 
may be equally well served by the other The primary object of 
altering the length of a bone is to make it of the same size as another 
bone with which it has to act as a pair , thus the two ought to 
be of approximately the same length, and the radius and ulna, and 
the tibia and fibula should aho be equal Not only is the mechanical 
act of shortening easier than that of lengthening, but the vital con- 
ditions ne-essarj'^ for success arc much more favourable Take, for 
example, unequal legs caused by a malunited fracture, tuberculous 
disease of the hip, or infantile paralysis. In all these conditions the 
tissues of the longer leg will be sound, strong and healthy, whereas 
those of the short leg will 'be the reverse Similarly, in deformit> of 
the forearm caused by a shortened radius, the ulna and its surroundings 
will be healthy, whereas the radius will be deformed or diseased 
So that if interference is necessary at ah' it may be wiser ancf safer 
to shorten the healthy bone rather than to attempt a lengthening 
operation in unfavourable conditions 

Indications. — The operation ma> be considered when there is 
shortening of the femur or of the tibn of such an extent as to cause 
serious lameness or to necessitate wcanng hea%y apparatus , or when 
there is so much sliortening of the radius as to produce marked dev lation 
of the hand 

Instruments required — Tlie bone set (p 233) 

Impaction operation. — In the femur, the best operation is. one 
which impacts the shaft into the supracondjhr region It makes a 
very strong union and docs not require the use of foreign bodies 
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ThQ femur is exposed on the outer side by a 6 inch incision, the 
centre of which is 4 inches above the knee The femur is dinded 
^ 1 Mhere the shaft expands towards the condvles 

ihe distal end of the bones is bored with a half inch t\\ ist drill The 
proxirnal part of the femur is brought out of the wound and divided 
upwards by a longitudinal saw cut into an anterior and postenor 




portion for as many inches as it is desired to shorten the bone (Fig 
146) The anterior portion of the bone so divided is removed and 
the posterior part including the strong linea aspera is left as a pro 
jectmg peg This is reduced by filing or chiselling until it wnll engage 
m the \ inch hole It is impacted into the lower end of the bone 
and there retamed by a transfixing ivory nail or a peg cut from the 
spare piece of bone removed from the shaft 

OPBRATlOf^S FOR OPEIV {COMPOUND) FRACTURES 

Open fractures are usually infected Sometimes the infection is 
slight in amount and in virulence as when the sharp end of a bone 
is merely dnven through the skin At other tunes it is great as 
when a limb is run over and dirt is dnven into the tissues 

It cannot be too strongly emphasized that reconstructive operations 
involving wide exposure of infected tBsues and the use of foreign 
bodies eg plates screws pegs etc are absolutely contra mdicat^ 
If the infection is light, then the wound may be allow ed to heal and 
the operation postponed If the infection is heavy, nothmg but 
disaster eg extensiv e necrosis can result But there are two types 
of operation for infected open fractures which will be necessitated m 
all but the sunplest type 
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Immediate wound toilette and suture.— This operation should be 
routine for all serious cases in which the patient comes for treatment 
within 12 hours of injury The principles are very simple, but it'is 
often done badly because it is not attacked as a serious major operation 
The steps should be as follows fi) If the wound is small it is merely 
cohered with an antiseptic pad, if larger it is lightly packed with 
iodine- or flavine soaked gauze The rest of the hmb is then washed 
and shaved, and the skin disinfected (n) The hands of the surgeon 
are then glo^ed and, if the wound is punctured, it must usually be 
enlarged , larger wounds are unpacked and cleaned up Tlic edges 
of the tom and bruised skin are cut away, tom or frayed muscle and 
fascia are tnmmed av\ay, and all foreign bodies removed, together 
with anj really detached bits of bone Comminuted fragments of 
bone which have any connection with the soft parts should all be 
preserved Any obvioiisl> damaged nerves or vessels are sutured or 
ligatured, but no special search should be made for them The 
surgeon’s gloves are now changed and, while the wound is held widely 
opened, every recess should be carefully swabbed with l-in-lOOO 
flavine solution oi thoroughly smeared with Bipp (bismuth, iodoform 
and paraffin in proportion 12 3) The original greasy Bipp does 
not readily spread on the tissues, but the bismuth and iodoform, in 
the original proportions made into a paste with a watery solution of 
1 in-20 carbolic, answers most satisfactorily The wound is closed 
by interrupted sutures and the limb is put up by some efficient fixation 
method of which skeletal traction is the best ^Vhe^e the wound is 
very foul, or where the period since injury exceeds 12 hours it is 
wiser to pack the wound lightly with flavine soaked gauze and to 
leave the sutures untied Ihen if within a few days infection has 
subsided, delayed primary union may be expected and the sutures 
can be tied 

Many surgeons rely solely on effective debndement and do not 
advise any irrigation of the wound or preparation of the skm by 
scrubbing or shaving Iodine is painted on to the skin only, the 
edges of the wound are excised, and skin towels are applied AH 
potentially infected tissue is then cut away with a kmfc and the skm 
IS sutured without drainage This applies only to fractures treated 
within six hours (Bohler) 

Treatment by lasclinc pack and plaster case (Winnett Orr) — 
In serious or chronic infection of an open fracture, where primary 
suture cannot be undertaken or has failed. Winnett Orr's method 
should be adopted In the common type affecting the tibia and 
fibula, the patient is placed on an extension frame, eg Hawleys 
table, and a transfixion-pm passed through the os calcis and the 
traction appliance adjusted Tlic wound is enlarged enough to expose 
both fragments, and sufficient traction is appli^ to pull the bones 
apart The front portions of both bones are chiselled away so as to 
convert the whole wound into a funnel shaped cavity' from which all 
loose granulating tissue is scraped away. The wound is tightly packed 
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ttith dry gauze until oozmg has been checked and similarly' treated 
with gauze soaked m iodine and lastly with spirit \ clean dn 
caaity haaang been «:ecured thewholeispackeduathgauze impregnated 
with aaseline \ \aseline pad is placed oaer the surface and the 
limb covered with a layer of cotton wool If great traction has been 
necessary to pull the bones apart then a second transfixion pm is 
pa<tsed through the tibial crest just below the tubercle \ plaster 
cast IS applied over the leg from the toes to half way up the thigh 
including both transfixion pins The future conduct depends on tlie 
course the wound takes In the great majonty of cases the plaster 
IS left in position for 8 to 10 weefe The temperature will probably 
go up to 100° or 101° r for one or two days after the operation and 
then settle down to normal The transfixion pins are removed in 
four w eeks The plaster case becomes stained w ith blood and discharge 
and there is an unpleasant odour But if the patient has no pain 
and the temperature is normal the smell can be disregarded 

^\^len tlie plaster is removed (after 8 or 10 weeks) it will be found 
that the vaseline pack has been extruded and the wound reduced to 
a small granulating surface 

OPERATIONS FOR DELAYED UNION AND FOR 
UNUNITED FRACTURES 

Beck*s dnlhng — This is only suitable for cases of delayed union 
A short stout Kirschner s wire held m a chuck is used as the dnll 
It is inserted at se\ eral points through the skin and dow n to the bone 
ov er the end of each fragment Then 0-10 drill holes arc made through 
each point of insertion in di^erent directions and if possible arc 
made to transverse the line of fracture In the tibia for which this 
operation is most frequentK used the patient is made to walk a day 
or two after the operation the leg being supported in a plaster cast 
and walking iron This method has also been used with success in 
fractures of the carpal scaphoid 

C muiitcd fractures as distinguished from mere conditions of dela\ctl 
union may present either fibrous union or a faUe joint In both 
cases the bone-enda are sclerosed and thickened the end of the marrow 
cavat\ being filled with dense bone and tht surfaces being smooth 
from simple eburnation or covered by a dense layer of fibro cartilage 
A thick en\ elope ol fibrous tissue connects the hone-ends and il a 
false joint is present there is a definite cavity between the Ixine ends 
and inside the fibrous capsule filled with glairy fluid while vcKcU 
or villous projections from the capsule hang into the ca\it\ Some 
of these projections may become separated and form loose bodu*s 
All operations for the cure of ununitcd fractures ncccssitatu a pre 
hminary removal of the whole of the fibrous tissue bttween the l>onc 
ends including the capsule of the false joint together with evcision 
of the dense ends of the bone The removal of the bone ends is made 
necessary bv the fact that these really represent scar tissue and arc 
destitute of both bloodvessels and bone cells and are therefore 
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incapable of repair The bone must be remo%ed freely enough to 
expose bone tissue of more or less normal texture with a bleeding 
surface Similarly the capsule of fibrous tissue must be dissected 
away until normal bleeding soft parts are exposed all round the area 
of fracture and the marrow cavity is freely opened After this pre 
liminary stage the subsequent steps differ m character and complexity 
according to the circumstances 

Comminution and impaction — A further step in the same direction 
consists m breaking up the two ends of the bone by a chisel or bone 



Fjg 147 — Diagram of step cot operat on lor ununited humerus 


cutting forceps and then impacting them so that the comminuted 
fragments shall be jammed together as closely as possible 
If this method is adopted it \m 11 be necessary to pul the limb up in 
plaster of Pans as the final stage thus preserving the impaction 
This operation ivhich is only feasible m a bone like the humenis or 
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femur that has no companion bone to hold it, is open to the grave 
disadvantage of producmg considerable shortenmg , on the other 
hand, it is comparatively easy 

Step-cut operation. — This is suitable for an ununited fracture of 
the humerus or of both bones of the forearm, provided that there has 
not already been so much loss of substance as to render further 
shortening inadmissible Prehminaty removal of scar tissue and 
refreshing of the bone ends having been performed, each fragment is 
brought out into the wound and divided by a longitudinal saw cut 
for about in This saw cut need not be quite m the centre of the 
bone, but should separate off about one third of the thickness from 
the remaimng two thirds The thinner portion, which should be on 
the inner side of one fragment and on the outer side of the other, is 
removed, and the fragments are then fitted together, clamped in 
position and umted by two transfixing bolts (Fig 147 ) In the 



Fig 148 — Doited pUte supplementing step out operation for old fracture of femur 


femur additional strength and security may be afforded by placing 
a 3-in or 4 in plate on one side of the step-cut junction and fixing 
this to the bone by four bolts, two of which traverse both fragments 
through the step cut, while one fixes the plate to each mam fragment 
above and below (Fig 148} 

Double-cone operahoo. — This method aims at so shaping the two 
fragments that one becomes impacted m the other It may be done 
by hollowing out one end with a gouge while the other end is roughly 
pointed by a chisel and file More precise fitting may be made by 
the use of a butterfly reamer This mstniraent has a peg, in thick, 
which fits into the marrow cavnty of either end, and two outstanding 
wings set at an angle of 90° to one another and provided with cutting 
edges The reamer is fitted into a handle or brace and is applied to 
each, tcagcoent m. bim aue fragoseat hemg cut the cuuvecging 
edges of the tool and the other by the diverging edges In this wuy 
one fragment is shaped hke the outside of a cone and the other like 
the inside and these two surfaces fit one another When the fragments 
have thus been shaped and fitted together, they may be sutured by 
passing two wire sutures from side to side through each and joining 
the projecting ends of the wire together, twistmg and tightening them 
firmly 

This operation does not produce so much shortenmg of the bones 
as those previously described It is suitable for cases of recent injury 
in which the bones are comparatively health}' A more rigid and 
permanent fixation may be obtained by an intramedullary peg instead 
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of a wire suture A bone-peg. 8 in long and /j- in vnde, is placed 
in one fragment after the shaping has been done, and the other fragment 
IS adjusted over its end \^ile the two fragments are closely pressed 
together, a transverse hole, J in m diameter, is made through each 
and through the central peg, and into these holes bone nails are dnven 

Bone Grafting 

The ideal method of dealing with an ununited fracture is the insertion 
of a bone graft New bone tissue is introduced m the area of the 
ununited fracture and will serve (1) as a conducting bridge, across 
uhich new bone can cross from one fragment to the other (2) as a 
strut vhich holds the fractured ends together and (8) as a source of 
new bone repirative tissue The graft may be attached to the fracture 
as a cortical inlay, a groove being cut m both fragments and the 
graft shaped so as to fit into this groove , or it may take the form of 
an intramedullary peg, dnven up into one fragment and fitted into 
the other by splitting the shaft The details of these operations are 
given below If the ununited fracture is m a bone of good substance, 
md if the fragments can be brought into contact with one anotlier 
so that no gap exists, then the bone used for grafting may be dead 
animal bone in the form of plates or pegs prepared and sterilized 
beforehand 

Indications — ^The mam indication for bone-grafting is the loss of a 
portion of the skeletal structure either by injury or disease There 
are four typical conditions which may require bone-grafting — 

1 Ununited fractures — In these conditions there may be no loss 
of bone, and the mam fragments, after removal of the intermediate 
scar tissue, can be brought into contact 

2 Loss of substance caused by injury — This is usually due to a 
gunshot or other form of compound fracture The loss of bone may 
have been caused by the original injury, by operative removal of 
bone fragments, or by septic processes m the wound The gap maj 
be maintained to some extent by an uninjured companion bone, or 
by deliberate traction In these circumstances the remaining portions 
of the shaft become much atrophied — that is, they are reduced to 
thin shells of bone by an absorption of the sohef substance and an 
enlargement of the marrow cavity The gap itself is usually filled 
with a very dense mass of scar tissue In a bone like the femur, 
where there is nothing to maintain the gap the bone fragments become 
approximated until a condition of fibrous union or false joint (p 270) 
IS present The bone ends instead of being atrophied, are then 
often thickened and sclerosed 

3 Loss of bone resulting from osteomyelitis — Tins usually is a 
loss of the diaphysis, totally or in part, the result of surgical removal 
With the idea of cutting short the disease Tlie epiphyses remain, 
with the epiphysial cartilages and there is nearly always a ragged 
portion of the shaft at each end Tlic gap from which the bone has 
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been lost uall usually be occupied b> a certain amount of scar tissue 
remaimng from the original inflammatory disease and it is covered 
b} skm vhich is puckered b^ an adherent scar The limb is frequentl} 
deformed hy the uncontrolled growth of a companion bone For 
example if the tibial diaph) sis has been lost the fibula b> its growth 
\vill ha\ e produced external bowing of the leg and mversion of tlie foot 

4 New growths of bone — Mahgnant tumours of bone whether 
pnmary or secondary sarcoma or carcinoma usually require amputa 
tion of the limb but there are certain non malignant tumours and 
cysts which justify the more conservative treatment bj local excision 
Such an excision should always be followed bj a bone-grafting operation 
to fill the gap This condition affords the most favourable circum 
stances for bone grafting because all the tissues are healthy and 
there is no scar tissue latent sepsis nor deformity tb deal with and 
the grafting can usually be carried out at the same time as the remov al 
of the tumour or cyst 

General prmciples — Bone has a low grade of vitality and very 
limited power of growth The adult bone contains a very large 
proportion of mert earthy salts and a very small proportion of blood 
vessels and living cells ^Vhen a graft is placed m a gap m one of the 
long bones it is capable of acting in three ways (1) It forms an 
internal splint or strut which restores skeletal continuity (2) it acts 
as a conducting medium into and around which new bone cells and 
blood vessels grow from the neighbounng host bone (8) possibly a 
few of the living cells of the graft survive and help to form new bone 

Matti’s operation —Hitherto all evidence has pointed to the death 
of transplanted bone followed by penetration and regeneration bj 
new bone cells from the host bone But Professor Matti has showm 
that if spongy bone is used it actually survives with re ossification 
The bone is exposed by a simple inasion directly over the ununited 
fracture and the skm muscles and penosteum are raised in one 
layer The front surface of the sclerosed bone is freely cut awav 
until the marrow cavity is exposed and until at each end of the bone 
cavity freely bleeding bone is reached The exposed marrow cavit) 
IS scraped out with a sharp spoon All fibrous tissue mtervemng 
between the fractured surfaces is cut away except at one point where 
enough is left to act as a fixation agent An opening about the size 
of a shilling is made over the great trochanter and about two dessert 
spoonsful of red spongiosa are scraped out together with blood and 
fat All this IS now pressed into the gutter shaped cavity and between 
the bone-ends of the fracture The previously removed cortical bone 
IS chopped up into fragments about the size of grams of nee and 
packed loosely on top of the spongiosa transplant The mass is held 
in place by sutunng the muscles and skm over it A stab dram 
should be used to prevent a h'ematoma The limb is laid on a splint 
{Brauns sphnt for leg pillow or Cramer wire for arm) for 10 to 14 
days after which a cast is applied 
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Functions of the ordinary bone-graft.— The essential element in 
the “ taking " of the ordinary bone graft l^ that, whilst its own cells 
die and its vascuhr canals become empty, these are rapidly penetrated 
by vascular tissue from the host-bone and from the surrounding 
tissues The autogenous graft is much more readilj penetrated 
than IS a piece of dead bone and this probably constitutes its chief 
superiority The three functions of the graft mz those of the strut 
and the osteo conductive and osteo productive functions are carried 
out simultaneously and are all favoured by the same circumstances— 
firm fixation to and wide contact with the host-bone Moreover 
there is evidence that the functions of forming new bone and of 
acting as a scaffold for the ingrowth of bone from the host are favoured 
and stimulated by the mechanical fixation which transmits stress 
and strain to the newly constituted bone A bone grift w ill not 
grow m size at all until it has become an integral unit in the skeleton 
On the other hand from the moment of its implantation it will be 
subjected to the disintegrating and absorptive influences of the 
leucocytes of the surrounding tissues It follows therefore, that 
while a bone graft will always be liable to absorption, it will not 
undergo growth except under favourable conditions Where practic- 
able, the graft should be cut not merely of the full size but rather 
larger than the portion of bone which it is intended to rephec The 
bed in which it is implanted should be free from all scar and consist 
of healthy vascular tissue Above all, the graft should have as wide 
a contact with fresh surfaces of the host bone as possible, and it 
should be fixed to the latter so firmly that movement between the 
two IS impossible 

Source of the bone-graft.— There are three possible sources from 
winch bone-grafts may be obtained— -animal bones dead bodies or 
amputated human limbs or the patient himself Animal bones may 
be of various Kinds . Ivory is particularly suitable for grafts which 
are likely to be subjected to great strain— for example the femur— 
and also for small pegs or nails , beef bone is easily obtained from 
the shin-bone of cattle and is conveniently prepared in strips of 
various shapes and sizes, but, while capable of providing almost any 
.Viwg'iV, .X* w.vt.b iv? fdxta.vo.ed d.bvr.Vfr i-lwo ® .vo , 

is not suitable, therefore for stout round pegs Stags antlers provide 
the best source for thick round pegs the bone of which they consist 
IS solid homogeneous and of a more open texture than the cortex of 
tubular bones ' Os novaim is made fay sterilizing and defatting 
prepared pieces of beef bone it is conveniently preparerl in pieces 
of all sizes and shapes 

Homogeneous grafts taken from human tissues recently dead or 
amputated are of theoretical rather than practical interest Tlicv 
Inve been used principally for the replacement of the articular ends 
of bones lost by injury or disease hut tlie difficulties of securing the 
material when it is wanted and of getting it free from disease or 
sepsis., are too great to make it generally^ useful 
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Autogenous grafts from the patient's owm bone tissue are of the 
greatest general utility They not only serve as a strut and as osteo- 
conductive material, but also exhibit spontaneous vitality, as is 
shown by callus-production when the graft is fractured Four bones 
have been commonly used The shaft of the itbia is extremelv useful, 
bemg long, strong and very convenient of access From it a graft 
10 in long, f in broad, and I in thick may be cut The fibula is 
long, and can be used for the upper three fourths of its extent It is 
more difficult of access than the tibia and a graft cut from it is not so 
strong as one from the tibia The indications for its use are \er\ 
hmited being practically confined to the replacement of the upper 
end of the humerus for which the head of the fibula forms a good 
substitute The ribs were frequently used at one time for grafting 
operations, but they ha\e very little to recommend them, as tliey 
appear to be especially liable to rapid absorption The curve of the 
nb suggests it to replace a curved bone such as the lower jaw, but for 
this purpose it is m/enor to the crest of the tlium, the fourth common 
source of autogenous grafts The ilium has been used for a soUd 
curved graft to fill a gap in the lower jaw, and for small chips to fill 
a gap in a long bone or to supplement some other method of grafting 

Preliminary treatment.— All cases m which the loss of bone has 
been associated with septic inflammation, whether cases of osteo- 
myelitis or of gunshot wound, require very careful preliminary treat- 
ment It is necessary’ to remote, as far as possible, all scar tissue, 
together with the matcnal in which latent infection still lurks 

In the first place, sufficient time must be allowed to elapse between 
the healing of the onginal wound and the operation at least three 
months, and usually much longer 

The general health, especially m regard to anxmia secondary to 
hsmorrhage or infection, must be normal Even when local and 
general conditions are satisfactory', it is wise to give both massage 
and ultraviolet light, to increase resistance and to pro\oke a local 
reaction This may lead to a “ flare up.” but this is better before 
than after a grafting operation 

Any tight puckered or adherent scar m the skin near the site of 
the operation will endanger success Such scars must be carefully 
removed and the deep fascia, subcutaneous fat. and skin up 
in separate layers without tension If a free excision of the cutaneous 
scar leaves a gap which cannot be closed without tension, this gap 
should be made good by means of a pedicled flap of skin and fat 
taken from another part of the body In the upper hmb, the flap is 
easily fashioned from the loose tissue covenng the chest, while in the 
lower hmb it must be taken from the opposite leg, or by turning 
down a piece of skin from the same by successiv e reversals, the 
so-called ” somersault flap ” (See section on Plastic Surgerv, Vol II ) 
In either case the flap operation is done m two stages, a wide pedicle 
bemg allowed to remain for ten days after the first stage, and divided 
at the second 
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The removal of the deep scar tissue together with anj debns of 
foreign bodies which may he m the tissues may be done at the same 
time as the cutaneous scar is being replaced or may be postponed 
to form the first stage of the bone grafting operation Probably the 
fonner is the better Portions of this deep scar tissue ma} be culti 
vated to ascertain the presence and nature of infectne organisms 
From such a culture suitable vaccines should be prepared and 
administered 

As far as possible any marked deformity should be corrected before 
the bone grafting operation For example m a gap fracture of the 
radius the hand hes fully pronated and adducted to the radial side 
Both these deformities can be corrected to a large extent by forcible 
manipulation and traction under an an'Esthetic and such correction 
maintained by a plaster of Pans dressing 

Thus the preliminary treatment may involve a senes of procedures 
occupymg a year or more 

Instruments required —In addition to the bone set (p 2S3) it is necessary 
to have a special saw for cutting the graft Albees motor dnven pattern 
being the best In the more complicated operations appliances will be 
necessary for shaping and fitting the graft and the host bone vaz a set of 
twist-dnlls and handle a doweflmg or reaming phfe metal templrt« files 
and d small vice attached to a separate table for holding the graft while it 
IS being shaped There has been some difference of opinion on the best 
instrument for cutting the graft It is contended that the rapid action of 
a motor-cinven saw tends to kill the bone cells by heat and to choke the 
pdres of the bone with dust But practical experience and ob ervation 
show no difference m the lieliaviour of grafts whether cut by motor saw or 
by chisel The appliances for cutting the graft by chisel should alwav’s be 
to hand in case the electnc instrument should fail 

Technique — Tlie details of a bone graft operation \ar> very much 
and for the sake of simplicity it will be best to describe several tjpical 
operations The first stage in all cases is however essentially the 
same exposure of the area to be grafted and removal of all the scar 
tissue from the future bed of the graft together with an excision of 
the ends of the host bone Tor a gap left bj ostcomj phtis or a fracture 
thjs importani stage may Iw Jnqg and tedious as the removal oi all 
scar tissue is important m order to get nd of a source of latent sepsis 
and to provide a healthy bed for the graft The corresponding stage 
in local tumour or cyst is much easier and consists m a subperiosteal 
resection of the affected portion of the bone The end of this stage 
leaves a trough m the soft parts between the cut ends of the host bone 
The bone grafting operation fills this gap or trough but docs so m 
a number of different wajs which differ chiefly m the method by 
which the graft is attached to the host bone 

Bone chips — ^This is the easiest but least successful of all methods 
It V cry seldom effects a firm or solid union in an adult bone U should 
therefore never be employed except as an adjunct to more efficient 
methods or when other methods are not available 
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A piece of bone is taXen, usually from the crest of the ilium, of a 
size sufficient to fill the gap An incision is made along the outer lip 
of the iliac crest for about 6 in , and the muscles attache 1 to the 
bone are separated by a rugme The bone reijuired mij then be 
cut off with a saw or remo\^ with a chisel, and the tissue rcphccJ 
and sutured o\cr the ilium The bone removed is dinded up into 
small pieces about i to i in thick by bone cutting forceps The pieces 
so formed are then packed as closclj as possible into the gap and the 
soft parts are sewn o\er them so as to enclose them in a tube con- 
tinuous at each end with the host-bone No rigidity is obtained b} 
this method and it is therefore necessarj' to put up the limb in a 
plaster case As a rule bone-chips thus transplanted sur\i\c for a 
considerable time, and form a feeble bond of union between the cnd^ 
of the host bone But there is no real restoration of continuity , force 
cannot be transmitted across the gap, and at the end of slv or twche 
months the X-rays fail to detect anything'but a faint shadow of the 
grafted chips 

Bone-chips may also be used as a supplement to some other method 
— that is to say, when a solid graft has been ^aid into the gap, bone- 
chips may be strewn o%er the points of junction between the graft 
and the host-bone Used in this w ay, the chips w ill probably contribute 
somewhat to the junction between the bones, but the \alue of thi-* 
contribution is somewhat doubtful 


Massive graft — This is the operation by which the greater part of 
the diaphysis of a bone is made good 

^ The graft should be cut from the 

'.yTV ^ shaft of the tibia, and should be about 
2 m longer than the gap It IS intended 
^ 1 ( \ ■A curved incision is made on 

\ 11 \ the outer side of the leg. beginning 

V. V at the tubercle of the tibia, and end- 

g ing m front of the ankle The flap 
^ ^ . thus formed is turned inwards until 

F.g 149 -Two^me^thods of cott.ng 

exposed The muscles are separated 
from the lateral aspect of the bone The periosteum is di'idcl 
near and parallel witb the inner margin ol the tibia, and about ’* m 
behind and parallel to the crest Tlie bone is divided b^ four saw- 
cuts the two longitudinal cuts running down the middle of the 
medial surface of the bone and about 1 in behind the crest, while 
the transx erse cuts join the end of the longitudinal ones This produces 

a flat but rather thin graft (FigHOA) If a stronger graft is required 

then one longitudinal cut goes down the middle of the mcJial surface 
while another goes down the lateral surface about I in bchini the 

crest This graft will include the crest and is of great strength (hK 
149b) In making the«e cuts with a motor-saw, cold saline solution 
should be run on to the bone at the point of section, the surgeon either 
using a special irrigator, or dripping the fluid on to the saw bj means 
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of a swab The soft parts should be carefully protected by adequate 
retraction In making the transverse saw cuts care should be taken 
not to go beyond the depth required because a transverse cut going 
deeply into the shaft of the bone is very apt to lead to subsequent 
fracture When the four cuts have been made the graft is separated 
from the bone b} a few light stroke with a chisel special care being 
taken to prevent the^raft from sponging off and falling on the ground 
The wound in the leg is closed bv suture of the skm flap with inter 





Fig 150 — Massiv* graft of femur 
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rupted silkworm gut stitches Tlie graft i> then fitted into place, b> 
thrusting one end into the smaller fragment of the host bone, while the 
other 1 ? made to occupy a slot cut m the larger end (Tig 1 60 ) Strong 
traction should be made on the limb while the graft is hammered into 
place so that the tension of the soft part may hold it firmly in position 
It may be necessary to fix this part of the graft m position w ith encirc 
Img ligatures of strong catgut, kangaroo tendon or wire as shown in 
Tigs 150 and 158 Tlie muscles and fascia are sewn together over the 
graft in order to bury it as deeply as possible below the skin The skin 
having been sutured with catgut, the limb is put up in plaster of Paris 
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which remains in position for two or three months being taken olT anl 
renevied if necessary during this penod 
Cortical inlay graft — This operation may be used for an ununited 
fracture without a gap or for a gap fracture where the interval to be 
filled IS not large It is particularly useful in repiinng defects of the 
Ubta and it w ill be described for that bone 

The bed for the graft is prepared as follows The prehmimr) stages 
for scar excision are first done and the bone is then held m the position 
which it IS intended finally to assume and is temporarily fixed b\ 
nailing on to its surface an aluminium templet J in wide and 6 in 
long after the periosteum covering the bone has been reflected 
{Fig 151 ) The cortical layer of the tone is then cut through bj means 
of a motor saw w hich Is applied close to the edges of the tcmiilet The 
longitudinal cuts should be in planes which converge towards the centre 



of the bone and the cross-cuts should undercut the bone so that the 
deep surface of the pieces of bone removed is longer than the super 
ficial The templet is now taken off and the pieces of bone marked 
out bj the four saw<uts are removed b> a chisel The> sliould be 
preserv ed and used for w edging into that part of tlie gap w Inch lies 
deep to the cortical graft The graft is now cut from the other leg 
(Fig 152 ) Tlie tibia is exposed by a curved flap incision A second 
metal templet in w ider and longer than that used for cutting the bed 
IS fixed to the bone serving to mark, out the portion of bone to be 
removed and at the same time to protect the periosteum The saw 
cuts surrounding the graft should be similar in direction to those 
made in cutting the bed— that is to saj the longitudinal cuts should w 
in convergmg planes and the transverse cuts m diverging planer It 
will be necessary to make an extra cut at one end be>onJ the graft 
w ith a saw or chisel to release the undercut end of the graft 

The parallel cuts for the graft and its bed can be made b> tw in saw s 
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This saves all the preparation and use of the templets, but it is necessary 
to adjust the distance of the twin blades very carefully so that they 
are ^ in wider apart when cutting the graft than when cutting the 
bed This is to allow for the thickness of the saw blades Turthennore 
the twin saw can only make vertical cuts, whereas the single saw can 
make convergmg cuts so as to form a wedge shaped transverse section 
to the graft 

The graft is taken out and the wound closed in that leg The graft, 
still protected by the templet, is now placed in the slot prepared for 
it, bemg hammered down into position, and the ends being held by 
the overhanging edges made by the end saw cut At the actual moment 
of insertion the fragments of the host-bone are pulled apart from one 
another, so as to allow the ends of the graft to fit into place The 



templet is removed and, if the fitting has been accurate, the graft will 
be firmly held This inlay graft only bridges a portion of the thickness 
of the bone , the remainder of the gap should be filled w ith the pieces 
cut out from the host bone m making the bed These pieces should 
be cut into short lengths exactly fitting the gap, and placed side by 
side Turthcr security of fixation may be afforded to the graft by 
making several holes obliquely outwards at the margin of the graft 
and Its bed, and filling these with tightly driven bone nails The soft 
parts are brought together as closely as possible, and the skin-flap 
sutured in place Tlie limb is put up m plaster as before 
“ Cricket-bail graft.”— In dealing with a gap fracture of one of 
the tubular bones, such as the radius or humerus, it is desirable to 
place the graft in the axis of the bone, because it is only in tliLs position 
that the graft can truly restore continuity to the shaft, and also because 
the ends of tlie host-bone arc usually so thinned by atrophy as to 
present mere tubular shells If such a shell has a part cut out from 
its wall, it will collapse , whereas if a plug is dmen into its interior, 
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it will be greatly strengthened This operation is done for example 
when m the middle of the shaft of the radius there is a gap which after 
the unhealthy ends have been removed and the arm pulled out to its 
maximum length is 2 m in length 
A graft IS cut from the crest of the tibia 4 in long f m wide and 
\ in thick and while the assistant is sewong up the leg from which 
the graft has been taken the surgeon shapes the two ends of the graft 
so as to fit mto the marrow cavitj of the host bone The latter should 



have been drilled out by 
twist-diills and accurately 
gauged for rather more 
than an mch in each frag 
ment The graft is fixed 
in the vuce with one end 
pomtmg upwards One 
mch of this end is formed 
mto a round peg cutting 
it down to the approxi 
mate size by a saw and 


file and then shaping it 

X - ^ with a dow elhng plate the 

N I y holes m which correspond 

w / jn 5126 to the twist-drills 

® J In the forearm bones this 

' size will usually be or 

I in The other end of the 

graft having been similarlv 

1 ' / treated a piece of bone 

Y ^ obtained of a shape 

/ somewhat resembhng that 

/ of a cricket bail havung a 

C central thick bodv to 

Fig 153 -Inlay graft^rad^us with mtramedull«T ^^hich the pCHOSteum IS 

still attached witha peg 

Irasmro of radioi pnpArvd lo nmw <:haDed end In fitting thC 

C opera loa compk -d. j ^ i 

graft into place one end 
of the host bone must be split by a longitudm^ saw -cut for 
about in One end of the graft is dnien mto the unspht end 
of the host bone the other l» pressed mto the split end after 

prising the latter open ^^^le^ the graft is m place the split end 

is secured by a surrounding band of kangaroo tendon or belter 
bv a double w ire loop Instead of splitting the upper host bone it may 
be more convement to cut a bed for the graft as shown in Fig 10^5 
The VI ound is closed and the limb put up m plaster as in the preceding 
operations ^^^len the grafting is dpne on the radius the foreaim 
should be put up flexed at the elbow m nearly full supination wnth the 


wnst dorsiflexed 

Inlay combined with intramedullary fixaUon — It is sometimes incon 
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venient, particularly m the hxwiems, to place both ends of the graft 
in the marrow cavity of the host-bone on account of the difficult} 
M splitting the shaft, or because, theshafthaving been broken obliquely. 
It has a long projecting spike m which there is no central canal In 
these circumstances it is better to use a combination of the two fore- 
going methods This combined operation will be made clear by 
describing it as done for a gap below the surgical neck of the humenis 
The fracture is first exposed by an incision along the antenor margin 
of the deltoid muscle and all scar tissue remo\ ed the upper fragment 
then has its end grasped by a forceps and is tilted out into the wound 
A hole IS drilled in its axis for the full length of the fragment, and about 
iVin m diameter The shaft of the bone is next exposed by prolonging 
the incision and a portion of the cortex is removed so as to make a 
groove about 4 in long and t m wide The graft is then cut from the 
crest of the tibia its length being equal to the combined lengths of 
the groove m the shaft, the gap m the bone and the tunnel m the 
upper end It should be about | m wide and k m thick- One end 
IS shaped as a peg | in thick and the otlier end is shaped to fit the 
groove in the shaft The peg is dnvcn into the head of the humenis 
while the other end being laid into the groo\e prepared for it. is 
clamped there by forceps and fixed in position by two double wire loops 
After the wound has been closed and a dressing applied, the arm is 
supported on an internal angular splint reaching well up into the 
axilla and down to the palm of the hand When the patient is in 
bed the arm on the splint should be slung up to an overhead beam 
and not allowed to hang down At the end of a week or ten days a 
plaster jacket is applied surrounding the chest and arm and keeping 
the latter in abduction at the shoulder, flexion at the elbow, and dor- 
siflexion at the wrist, the hand being brought opposite the patient s 
ciun This plan of delaying the application of plaster has two advant- 
ages the plaster will not become soiled with blood and it can bo 
applied with greater accuracy and comfort when the patient is sitting 
up and conscious than if it is put on at the time of operation, when 
he is lying on his back 

The two-piece mtramedujlary graft — ^This method is speaally designed 
to fill a gap m the shaft of one of the long bones, when it is 
desirable not to shorten the bone and when the maximum of strength 
is required Such conditions are most often found m the /luincrus, 
when a part of the middle-of a shaft has been lost bv injury or remov ed 
for disease In the latter case particularly in young patients when it 
has been possible to resect the th^ease w ithout removing the penostcum , 
the graft may be made of beef bone, but when the gap is due to 
injurv and resulting sepsis, it must be filled by living bone 
"nTe first stages of the operation consist in the exposure of the defect, 
the removal of scar tissue cutting off the ends of the bone, and drilling 
the bone with twist-dnlls up to about | or in in thickness, for a 
distance of 2 in into the medulla of each portion of the remaining 
shaft Supposing the gap to be filled measures 2 m , it wall be necessary 



284 


OPERATIONS ON BONES 


to cut a tibial graft 8 in long. | in wide, and as thick as possible 
The periosteum should be presen'ed on the graft in its middle four 
inches The graft is then cut into two pieces, each 4 in long, and each 
wth one end shaped as a peg ^ in thick and 2 in long (Fig 154 ) 
The big ends of each piece are smoothed and flattened on their deep 
surface, so as to fit against one another Each piece is then drnen 
into one fragment of the host bone, 
and the projectmg ends of the two 
grafts are clamped together and fixed 
by two small bolts and nuts The 
effect of this arrangement will be 
that the gap in the bone is filled b> 
a double thickness of graft, making 
a mass } m wade and 1 m thick 
The arm should be placed on an 
abduction sphnt, and later put up in 
an abduction plaster, as descnbed in 
the preceding operation 
Two-piece inlaj graft — Here the 
special object is to secure the great- 
est possible strength for the bon> 

‘ union This method is chiefly indi- 
cated for gap fractures or non-union 
of the ftiHMr, and it can onlv be done 
for a bone of firm, strong substance 
Technique — The shaft of the femur 
having been widely exposed and the 
soft parts drawn aside, the ends of the 
bone are refreshed and brought into 
contact A shallow groo\e is then cut 
on each side of the bone about 4 m 
V J nntf I in wide This may fce 
' ^ done by a templet and motor-saw, or 
by simple chiselling In either case, 
the groo\e should be only sufficiently 
^ J deep to give a flat surface on either 

side of the tubular bone The graft 
Fig IS4 —Humerus with two piece js then cut from the tibia in the usual 
graft m position bolted together g and 

4 in thick, and the penosteum being 
taken for its entire extent It is cut 
into two lengths of 4 in , and each of these is smoothed on its deep 
surface The two grafts are then placed one on each side of the femur, m 
the grooves prepared for them, and, when the fitting has been ad- 
justed, are clamped m position and fixed by means of bolts and nuts 
(Fig 155 ) 

A modification of this method consists m usmg a steel plate on one 
side of the bone and a graft on the other, to add to the ngid strength 
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of the junction Such a modification however while adding to the 
immediate strength \\ ill not give so strong a bone m the end 
Bone graft used as a nail — ^The operation of nailing a fracture of 
the neck of the femur by means of a bone nail or bone graft has already 
been mentioned (p 314) It is not necessary to gue further details 



^ S ^SS Double cort oal grAlt Bxed by bolts 


but the indications for its performance elsewhere are m general the 
existence of an ununited fracture of one of the long bones near its 
articular extremity so situated that a graft can be readily driven from 
the end of the bone into the shaft In each case it will be necessary 
to expose the site of fracture and remove fibrous and scar tissue from 
between the bone-ends and to refresh the surfaces The bone-nad 
may be dead or living materia! but although the former may be 
equal to its task the latter should always be used when possible for 
the sake of the vital element 

The head of the humerus may thus be fixed to the shaft for a fracture 
in the anatomical or the surgical neck (Fig 15G) For this purpose it 


will be necessary to open the 
shoulder joint to gam access for 
the graft The hole in the head 
of the humerus should be made 
from below upwards the cartilage 
covering its surface being reflected 
as a flap 

The lower end of the humcnis 
may be nailed to the shaft in a 
similar manner but it is not 
necessary to open the elbow joint 
J/ this hss been bxeef by ank} 
losis the lower fragment of the 
humerus may be drilled straight 
down until the dnll end emerges 
through the olecranon If the joint 
is normal it should be acutcl> 
flexed and the drill driven down 
wards to emerge through the 
olecranon fossa and the tendon of 
the tnceps 

The upper end of the ulna may 
be similarly nailed to the shaft 



Fg 156 — Mtlhod of natng ununted 
Iraclureof ntek of hum^na F 
on r gM shows flap of cart lage 
marked out 
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for an ununited fracture the head of the naU being buned in the in 
sertion of the tnceps (Fig 157 ) 

At the upper end of the femur the nailed graft maj be used to fi\ 
either a fracture of the neck or a fracture of the shaft at the level of 
the small trochanter 

Lastly the method is v\ ell suited for cases of fracture of the posterior 
process of the os calcis 




F»g *57 — Different methods of restoring fractured 
olecranon after non union 


A npficturc B united o> er aulo'WOQS peg cot in (be shape 
of C D end of olecranon replaced bp gnf( shaped as in E (be 
tnceps tendon be ng 6sed to end of praft cbrcsnic guts lures 
perforating the bone 



Fig 158 — Re- 

construction of 
upper third of 
humerus 
Head of fibula h fixed 
in shall of bnnirfus 

** cut from fibula 


Ternunal graft to replace the articular end of a long bone — ^In 
cases m which the articular end of one of the long bones has been 
destroyed by mjury or removed for disease it may be possible to 
substitute for it the upper end of the fibula This operation has 
generally been done for loss of the bead of the humerus but it is also 
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suitable in substitution for the lower end of the radius or possibly 
for the head and neck of the femur It will be sufficient to describe 
the operation as done for loss of the head of the humerus 
First the region of the shoulder joint is exposed by an incision 
running vertically downwards from the tip of the coracoid process 
between the deltoid and pectoral muscles as far as the insertion of the 
former If the case is one of disease such as myeloma the iniohed 
portion of the bone including the head is resected after stripping off 
the insertions of the muscles attached to it If the case is one of old 
gun shot injury the scar tissue is carefully dissected out from the soft 
parts and the end of the shaft cut off by a transverse section The 
ivound 15 temporarily packed while the graft is being cut 

An incision is made over the outer aspect of the fibula of sufficient 
length to remove the required part of the bone alloii mg for at least 
2 in to be driven doiv n into the shaft of the humerus and a further inch 
for a wedge The head of the fibula being exposed the attachments 
of the external lateral ligament of the knee joint and the biceps tendon 
are separated from it This is best done by chipping off the portion 
of bone to which these structures are attached this piece being sub 
sequently fixed to the external tuberosity of the tibn by a short nail 
The point which next requires attention is the preservation of the 
external popliteal nerve which should be drawn forwards m front of 
the bone The muscles arising from the shaft of the fibula arc separated 
from the bone by a sharp rugine The bone is divided at the selected 
spot by means of an Adams saw and the upper portion rcmoaccl after 
separating deep muscle fibres from it with a due regard to the integrit> 
of the branches of the external popliteal nerve The size of the shaft 
of the fibula varies a good deal and it will probably happen that the 
lower end is smaller than the cavity of the humerus w hich it is destined 
to fill In these circumstances the lower inch of the fibula should be 
cut off split in two and fashioned into wedges The fibula is. driven 
for 2 in into the shaft of the humerus (Hg 168) and if it does not 
fit tightly the wedge already prepared should be dnven m between 
the junction of humerus and fibula The soft parts in which the graft 
now lies should be sewn over it with an endeavour to restore as far 
as possible the natural relations of the upper end of the humerus 
Accirfents and conipficafions jn grafting — /f sometimes /lappcusthaf 
the graft when cut falls on the floor What is to be done’ If the 
graft IS small then another should be cut but if ij is a massive graft 
which cannot be duplicated thyn it should be thoroughly washed m 
stenJe water followed by spirit Or it may be boded for one minute 
and then washed in spirit 

Sepsis may follow a bone graft operation Acute septic inf»*ction 
wjtliin a few da>s of operation will demand free opening of the tissues 
and probably removal of the graft But late an 1 mil 1 septic 
phenomena a mere sinus occurring after union of the greater jiart of 
the wound IS complete is a different matter In these circumstances 
the utmost conservation and patience should everciscd If the smus 
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does not gi\ e the needed drainage, it should be enlarged and the cant) 
with the graft at the bottom ^ould be swabbed out with spirit and 
dressed with \aselme or Bipp E\en if the graft does not lue and has 
eventually to be removed, it may act as a strut and as a bridge along 
w hich new bone grow s, or a part of the graft ma) grow in its place and 
a part be thrown off as a sequestrum 

Bose Substitdtiov 

It sometimes happens — espeaall) m the forearm — that an important 
bone has been partly destroyed and that its place may be made good 
by an adjacent bone A part of the shaft of the radius ma\ ha\e been 



Fig 159 — Substitution of ulna for radius 



Fig J6o — A further stage m the operation of substitution. 

lost as the result of a gunshot wound, osteoratehtis or new gr<>"''' 
If the lower end of the radius is intact, then Uie ulna may be 
through at its lower end and thrust into the lower end of the radict. 
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Instruments required.— The usual *• bone-set ’’ together with a grooved 
director, with a beaked end to act like a shoe-Jioni. This can easily be 
made by bending a piece of iron plate. 

A short incision is made over the medial border of the lower end 
of the ulna and the lower end of the bone is cut from the shaft by a 
fine saw, (Fig. 159.) A second indsion is made over the lateral 
border of the lower end of the radius and the ragged surface of the 
bone is exposed and refreshed by a fresh saw-cut, and with a twist-drill 
a hole is made in it of a size which will admit the cut shaft of the ulna. 
The shaft of the ulna is then puUed into the axis of the forearm and 



Fig. x6x. — Restoration of tibia, 



Using fibula. 


impacted into the lower end of the radius, (Fig. 160.) The wounds 
having been sutured, the arm is put up in plaster of Paris, with the 
elbow at a right angle and the hand in three-quarter pronation. 

A similar but more difficult operation may be done to substitute 
the shaft of the tibia by that of the fibula. It will liar’e to be done 
in two stages. In the first, the upper part of the fibular shaft is divided 
and implanted into the tibia, great care being taken of the later^ 
popliteal ner\’e. A month later, the lower end of the fibular shaft is 
divided and implanted into the lower end of the tibia. (Fig. IGl.) 

Bos'C-giu\ftixg for SriNAi. Caries 
Tuberculous disease of the spine usually attacks the bodies of the 
vertebne. Both the pain and the deformity associated with this disease 
11 
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nre due to pressure forcing the \ertebral bodies together Each 
^e^te■b^a, if viewed sidevajs represents a lever the fulcrum of which 
IS at the articular process about midway between the front and the 
back of the bone while the body in front md the spinous process 
behind constitute two arms of the lever (Fig 1C2) If the condition 
of three adjacent v ertebr-e be considered the mechanics of this disea^ 
and Its operativ e treatment will be clear Suppose the middle v ertehn 
to be the site of tuberculous caries the w eight of the upper \ ertcbral 
body will be transmitted through the middle one to the lower but 
as the middle vertebra becomes softened and destrojed it collapses 
as the result of this pressure weight and the body of the upper vertebn 
will fall dowTi upon that of the lower hingeing upon the articuhr 


processes and opening up the spinous 
IK processes behind The collapse of the 

I. 'ertebral bodies upon one another and 
the pam caused bj this process w ill be 
I ' "j prevented if the tips of the spinous 
‘ processes are tied together so thdt they 
/ . cannot be mo\ ed apart ^^oreov er this 

fi'cation of the vertebre to one another 
/ pro<luce a condition of rest very 

\ iV ourablo to the healing of tuberculous 

- disease Efforts to bring about this 

fi'^ation hav e been made by various de* 
fF iS vices (1) Metal bands and wires have 
Jr introduced to tie the bones 

^1 III — ^ together (2) the spinous jirocesscs 
themselves have been broken or cut in 
F,g J6J-TO pr.nnpfc different nays so that tlicj may (use 

spmai fixation operations With ORB another and (3) a living 

bone graft taken from another part of 
the body has been introduced to bring about ankylosis of the spmc It 
IS only necessary to describe the second and third of these opcntions 
Apart from operation tuberculous disease of the spine requires so 
much time and patience for its treatment that the prospect of an\ 
shorter way to a cure will always be welcome It is by no means 
certain to what extent these operations do shorten the treatment of 
spinal canes In a large number of cases m which the operation has 
been done w ith apparent success it has been necessarv nev erthdess 
to keep the child recumbent for one or more years afterwards It «s 
probable therefore that this operative treatment will not take the 
place of conserv'ativ e measures m children if a suitable sanatorium 
IS available In children treated m city hospitals operation gi'i'S 
better results than can be obtained fay a spinal jacket w^^h out patient 
supervision But this is due largely to the three montlis rest in be-l 
whicli it enforces Probably (he mam indications for operative fixation 
are the disease m adults and its localization to a restricted area 
Experience has shown that prolonged rest is always an essential 
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element in the cure of spinal caries, and that fixation operations should 
not be performed until active disease is at an end. This is recognized 
by the cessation of local tenderness and of muscle spasm. 

An abscess, not othenvise obvious, can usually be recognized b}' the 
X>rays. If it is stationary it is probably caseous and can be ignored. 
If it is spreading and giving rise to pressure signs ^weakness and spasm 
of the legs with increased reflexes), it should be relieved by aspiration 
or by the removal of one transverse process and the head and neck 
of a rib {cosio-transverseciomy) followed by blunt opening of the abscess,, 
evacuation and insertion of Bipp. 

Ifibbs’s operation. — The instruments required are those of the bone- 
set (p. 233). 

Technique. — Hie area of the spine affected is exposed by a slightly 
curved incision through the skin and subcutaneous tissue. The spinous 



Fig. 163. — Hibbs's operation. Fig. 164. — Modified Hibbs's operation, 

processes are cut down on, including at least two abo\'e and two below 
the diseased area. As the latter exposure usually involves at least three 
yertshr^e, the total joiunber of ipines exposed will be about seven. By 
a chisel or sharp rugine the soft tissues and periosteum are separated 
from all these spinous processes, and also from the laminai and articular 
processes, and the muscles retracted from them. Each spine is cu{ half 
through near its base, beginning with the lowe.st in the series. It is 
then broken downwards ; the spine above, treated in the same way, 
comes to rest witli its tip upon the broken surface of the one below. 
(Fig. 1G3.) All the spines having been similarly treated, the muscles 
are sewn closely together and the skin wound closed. 

The details of this operation have been a good deal modified by 
different operators. The modifications consist chiefly in the different 
ways in which the spinous processes are cut or broken. Probably one 
of the most useful modifications is tliis : the tips of all the spinous 
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processes to be ankylosed having been exposed, they are split into two 
equal halves b}' a saw or a fine chisel. The base of one half of each 
spine is then cut through while the other half is left in place. The 
separated portions of the spine are twisted so that their cut surfaces 
lie against the cut surfaces of the fixed portions of the spine, forming 
a bridge from one to another. (Fig. 164.) In this operation the 
spinous processes are not separated from the soft tissues surrounding 
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them more than is absolutely necessary They \m 11 therefore preserve 
a better blood supply' and undergo repair with greater readiness than 
if they are widely isolated A further and most valuable detail is that 
all the inter articular joints on both sides of the exposed area should 
be cut into by the chisel m order to produce ankylosis of each joint 
The patient should be kept m bed on a suitable spinal frame or 
jacket for at least three months, and then, for three to six months 
more, should wear a well fitting steel support Durmg the whole 
convalescence, those general measures which so much assist the cure 
of surgical tuberculosis should be rigorously employ ed 
Albec’s spinal graft. — The instruments required are tlie bone set 
(p 233) Albee s motor saw a thin bladed chisel and a thick malleable 
probe for gauging the angle of the deformity 
Before an operation for spinal grafting is undertaken, a suitable 
support for after treatment must be prepared This may take the 



Fjgr — Position of patient jn bone graft of apine shewing how, with bed/ 

prone the front aspect of the teg is eicposed bp bending the knee 

form of a plaster jacket cut into antenor and posterior halves or the 
patient may be laid on a padded spinal frame but even m this case 
an anterior splint moulded to the front of the body w ill also be necessary 
for holding the patient when he is turned on to the face for dressing 
Tor adults it is of great value to use a special bed which facilitates 
turning the patient over without testing or bending the spine 
(Figs 165 106) 

Technique -~The patient lies almost prone and a curved incision is 
made as m Hibbs s operation two spines above and two spines below 
the affected area are exposed All the spines are split by^ a fine chisel 
and one half of each is broken from the base so as to afford an ample 
gap between it and the remaining fixed portion of the spinous process 
The size and angle of the grxjovc thus made are gauged by a rod of 
malleable metal The wound is packed wath gauze and tcmporarilv 
closed while the graft is being cut 

The front of the tibia is approached by fieving the patient’s knee, 
and the graft IS taken from the leg in this position (Fig 167) If the 
area of tlie spine involved bv the disease is practically straight, the 
matter IS comparatively easy The difficulty is to get a graft to bndge 
an angle A slight an^lation may be fitted by a curved orangulated 
graft cut from the internal surface of the tibia But the tibia is not 
wide enough to jiermit more than a very open angle being fitted in 
this way Another device consists m making a number of saw-cuts 
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In the acute form all the vasculsir elements of the bone are pnmanly 
affected The infection usually starts in the young bone tissue on the 
shaft side of the epiphysial cartilage and thence spreads under the 
penosteum and into the medulla It is inaccurate and misleading to 
distinguish between acute penostitis and acute osteomj clitis because 
when the disease is sufficiently advanced to be recognized both pen 
osteum and medulla are always involved although one maj be more 
affected than the other 

Operation for tiil Evrlv Stage 
In this stage there is a softened and inflamed area of bone m the 
cahcellous tissue next to the epiphysis an effusion of serum or pus 
beneath the penosteum raising this from the bone over a small area at 
one end of the shaft also an inflammatory process with early 
suppuration in the corresponding parts of the marrow cavitj At 
this stage the dense bone lying between the periosteum and the marrow 
IS not affected by any change visible to the naked eye moreover 
in a large bone such as the lower end of the femur the inflammatory 
focus is usually confined to one portion of the shaft and does not 
surround it completely 

This early stage may be very transient particularly m young children 
and m the smaller bones But in children over C when a large bone 
such as the lower end of the femur is affected it lasts several dajs 
and although the diagnosis may be in doubt it is well worth vahile to 
operate without delay because by timely intervention necrosis of any 
great extent may be prevented 

Of recent years it has been urged that osteomyelitis should be 
treated by expectant methods the limb being kept at absolute rest 
and nothing being done unless an abscess becomes e\ident It is too 
soon to say whether this is justified b> the results 
Instruments required — ‘^calpel two pairs of sciasors six pairs of artery 
forceps twopairsofdissectingforceiw probe sinusforceps wouiulretnc(or» 
chisel gouge Inmmer drills of several sizes and | inch) pcnostcal 
elevators needles ligatures and suture material dninage-tid es 

Technique — An incision must be made over the inflamed area of 
bone so placed as to avoid injury to the ncighbounng joint At the 
lower end of the femur it should run up from the most prominent part 
of the lateral condyle in front of and parallel with the tendon of the 
biceps The soft parts are divided or retracted down to the pen 
osteum which then incised and the uiidcrivmg fluid scnim or pus 
allowed to escape Tlic soft parts arc now drawn aside and the wound 
made os dr> as possible so as to show the underlying bone Tlicrc maj 
be a hole or a soft spot in the cortex leading into the cancellous tissue 
If a diseased spot is not obvious there should be no hesitation in mak 
ing an opening through the cortex bv iwo or three drill holes or the 
gouge or chisel A natural opening should be enlarged so tint in 
either case free drainage is given to the interior (I ig 170) The fear 
that such an opening maj lead to an infection of hcalthj tissues i» 
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groundless, because such infection, even if it h is not started m the 
interior of the bone, will already ha\c been convened thither b\ the 
vessels which freely connect the penosteum with the marrow tissues it 
the grow mg end^ On the other hand, neglect to make a free opening m 



Fjg 170 — To illustrate Fig 171 — ^To illustrate Fig 172 — To illustrate 
operation for first stage operation m second operation for late stage 

of osteomyelitis alter stage of osteomyelitis of osteomyelitis Se- 

the local abscess under Theperiosteumisincised guestra hare been re* 
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marrow cavitv and to consequent necrosis The operation is completed 
b> placing a dmnage tube nght down into the cant} of the bone 
and closing the extremities onl> of the incision , or the vaseline pick 
may be used (vide infra) 

OprR«IONS FOR THE SECOND StaGI 
Tlie early stage of infection is quickly followed by one in which the 
penosteum is stnpped oiT the shaft for a considerable extent while 
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the infectiv c process makes a corresponding advance along the marrov 
cavity This leads to death of the dense shaft of the bone which is 
bereft of its blood suppU both from within and ^Mthout Mhile the cells 
in Its canals are killed by pressure and toxins In this wav neirh the 
whole of the diaphysis may be killed but a small portion adjacent to 
the epiphyses at each end usually survives At this stage of the 
disease one Cf two operations may be indicated either simple drainage 
or diaphyseciomy 

Drainage is indicated in the larger and more important bones such 
as the humerus radius femur or tibia and m all cases where the 
amount of the shaft which is dead is considerably less than the total 
extent of the diaphysis A suggestion has been made that when 
extensive death of the diaphysis has occurred the whole shaft should 
be removed by stnpping off the still attached penosteum and WTench 
mg out the bone But this is a dangerous practice and is founded 
upon a misconception of the functions and capacity of the penosteum 
It IS very likely to lead to a permanent gap wth great contraction 
of the soft parts and no prospect of restitution apart from a bone 
grafting operation The latter if successful requires a year or more 
for ^eco^ ery and then the bone is neither so long nor so strong as the 
one which has been replaced The new bone by which the diaphysis 
IS replaced is the product of the inflamed bone itself If the latter 
IS removed before it has had lime to lay down an involucrum then 
no bony repair is possible It follows from this that the operation 
of choice in the second stage of osteomyelitis should be conservative 
and consist simply of drainage of the periosteal abscess (Fig 371 ) 

Technique — An incision is made over the most prominent part of 
the inflammatory swelling and when the abscess has been opened is 
extended in each direction m the length of the bone as far is the 
structure of the part will allow The shaft of the bone l>ing m the 
abscess cavitj is smooth and white and as yet there is no demarcation 
between dead and living bone Where the periosteum is still adherent 
to the bone it should on no account be disturbed At this stage of 
the disease there is no separated piece of dead bone but the process 

sepanifron may kasten&d and fAe xmoitnt of de^tntet^n limited 
if the dead part of the bone is dnllcd or chiselled so as to open into 
the mirrow cavity A number of holes should be dnllcd m the dead 
part of the shaft or a long gutter formed by making two converging 
cuts in the length of the shaft by a chisel The object aimed at should 
be to make a funnel shaped cavity with the bone at the bottom ^\ ith 
this end m view all overhanging parts should be cut awaj so as to 
make the cavity as simple as possible It is swabbed out first wth 
iodine and then with spirit Vaseline gauze is packed into the cavity 
nght up to the surface and the wound left widely open A dressing 
of vaseline gauze covered a layer of wool is laid over the limb and 
the whole is put up in a plaster of Pans cast which takes in the joints 
above and below the affected bone A careful watch is kept on the 
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temperature If this settles do^vn to normal \nthm three days the 
plaster is left undisturbed for 6 or 8 weeks The plaster will become 
soiled and evilsmellmg but so long as there is no pam and the 
temperature remains normal this can be ignored At the end of about 
8 weeks the piaster is taken off The pack is remoaed and the cavity 
inspected Any loose sequestra are removed and the packing and 
plaster treatment repeated Frequently after the first change of 
plaster the wound is found practically healed and only a superficial 
dressing wall be required 

The older alternative method of dressing is as follows The funnel 
shaped ca\ ity ha\ ing been packed with gauze soaked in antiseptic or m 
paraffin i dressing and bandage are apphed The dressmg and packing 
are changed daily or several times a week This method entails much 
more work for surgeon and nurse and more suffenng for the patient 
and requires that the patient should be kept m hospital durmg the 
whole course of treatment 

Diaph)sectomy — This operation consists m the removal of the 
greater part of the diaphj'sis of an mflaiued bone Its performance 
ought to be postponed until sufficient time has elapsed for an involu 
crum to form and in bones like the humerus or femur whicli have no 
companion bone to support tliem it should not be done until the 
involucrum has become strong enough to take the place of the original 
bone In all cases of doubt it is mudi belter to postpone the operation 
too long than to undertake it too earlj It is m bones like the clavicle 
ulna or fibula that diaphysectomj may be done comparatively earlv 
for no ill effects will follow from delayed or faulty regeneration 

Instninjeuts rcqmred — The same as tbo«e mentioned for 11 e early opera 
tion (p 295) vMth tie addiaon of several pairs of sequestnim and bonc- 
cutting forceps and an Adams saw 

Technique — ^The operation ma\ be done as the first attack on a 
case of osteomyelitis or as a sequel to a simple drainage operation 
The bone is exposed as fully as possible and the soft parts are retracted 
from over the centre of the shaft which is-then cut through with an 
Adams saw Each half of the shaft is hfted up mto the wound with 
strong forceps and gently twisted until it separates from the epiphysis 
The cavnty from which the shaft was removed is lightly packed with 
a Bipp dram and the wound partly closed 

This operation is also suitable /or chronic osteom} ehtis due to 
tuberculosis in children but in this condition no dramage should 
emplov ed either as a prelimmary or after the removal of the shaft 
Moreover the greatest care should be taken not to open into the 
diseased part of the bone but to shell it out from the involucrum 

Operation for the Third Stage 

The third stage of osteomy elitis is one of repair and it b^ns from 
the moment when free dramage has been provided for the products of 
inflammation It consists m two processes — (1) the formation of a 



SEQUESTROTOMY 


299 


surrounding shell of neu bone, the involucrum, which is interposed 
between the inflamed parts of the shaft and the periosteum, and (2) a 
separation of the dead parts of the bone from the living The result 
of these processes is the formation of a sequestrum, which lies m a 
cavity surrounded by the mvolucrum lined bj granulation tissue, and 
communicating wath the evtenor by one or more openings through the 
mvolucrum and soft parts, these openings being termed cloacie 

Sequestrotomy. — ^The operation consists in exposure and removal 
of the dead bone together with the opening up of the cav'ity in which 
it IS contained 

Technique — The incision is made m the length of the bone and 
should pass through the sinus or smnses m the skm At first it is 
better to use a small incision, enlarging this subscqucntlj in anj 
direction necessarj The soft parts should be divided down to the 
mvolucrum and separated from it for some extent bj a periosteal 
elevator The cloacal openmg m the mvolucrum is enlarged freely 
by a chisel until the imprisoned sequestrum can be grasped If the 
piece of dead bone is too large it should be divided and removed in 
fragments If the disease has been of comparative!} short duration, 
and if the patient is young, the remaining hvuig bone maj be trusted 
to fill up the cavit) This is then treated by a vaselme pack and a 
plaster case applied as above 

Operations tor the Fouimi Stage 

Tile fourth or last stage in osleomvclitis is merely an exaggeration 
of the conditions found in the third stage The bone has become 
enormously thickened whilst, in its intenor, various cavities and 
tunnels exist, containing sequestra which may be large and solid or 
small and worm-eaten , one or more sinuses open to the exterior 
This condition may result from ordinary infective osteomyelitis in 
childhood, when the thickening of the bone affects the greater part 
of the shaft, or it may be the sequel of a septic fracture, such as that 
which follows a gunshot injury In the latter case there will be a 
more or less localized thickening of the bone, while the cavity and 
sequestra are relatively small The important charactcnstics of this 
stage are the permanence of the concfifion and tfie impossibi/ity of 
cunng the sinuses unless the cavitv is obliterated Two different 
types of operation may be done In one the cavity is opened up and 
flattened out by the removal of its superfiaal walls , in the other the 
cavity IS filled with some foreign matenal or living tissue 

Obliteration of bone cavities. Technique — Supposing the bone 
involved to be of tubular structure and the cavity to occupy the 
greater part of its axis, an incision must be made over it which will 
allow exposure of the whole shaft in its affected portion Sudi an 
incision should include the openings of the simisci The soft parts 
having been elevated from the bone, the cavitv is opened by enlarging 
the existing cloac-c The walls of the tubular bone arc then cTuselled 
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away until rather more than half the circumference of the bone has 
been removed. The original cavity \vill now form a shallow trough 
(Fig. 172), and there is usually no difficulty in making the soft parts 
lie snugl}’ in this trough, enclosing the wound. 

If, however, the tluckening of the bone and the cavity it contains 
are more or less localized to one spot, as usually happens after a septic 
fracture, it may not be posible to convert the ca\'it 3 ' into a groove into 
which the soft parts wU naturalK- drop. In these circumstances it 
will be necessaiy' to fill up the cavity in some other way. Several 
foreign substances have been used for the purpose, such as' decalcified 
bone-chips, pieces of sterilized marine sponge, or various compositions 
of metal or wax. Such substances, however, are open to the grave 
objection that, unless the cavity to be filled can be rendered aseptic, 
the operation will be an immediate failure, and, moreover, even if it 
succeeds at first, infection maj' occur later from germs latent in the 
bone, and after a period of months or j*ears the wound may break 
open and the plugging material have to be removed. The same 
objection, to a lesser extent, applies to the filling of the cavity', uith 
pieces of fat taken from the patient's own tissues. By' far the most 
satisfactory filling material is a pedicled flap taken from a neighbouring 
muscle and turned into the ca vity. There is no part of any of the long 
bones in which this muscle-flap operation cannot be carried out 
Thus, in the upper part of the humerus the deltoid will form a suitable 
flap, in the lower part the triceps : for the femur a piece of tlie vastus 
lateralis or crureus will be suitable for the shaft, whilst a piece of one 
of the heads ^of the gastrocnemius may be turned up for a cavity in 
either condyle ; the tibia may be filled from the tibialis anticus, or in 
its lower portion with a piece of the soleus. 

The first part of the operation is similar to that described above, 
consisting in the removal by the chisel or nibbling forceps of the outer 
wall of the caWty The cavity is then thoroughly' scraped, and any* 
irregularities are broken do\vn or recesses opened up, in order to 
remove the septic material lining the cavity and to avoid recesses 
which will be difficult to fill. The caWty', having been smoothed out, 
is fi rml y- packed with gauze, to check the bleeding while the muscle-flap 
is bemg fashioned. A wide and thick piece of muscle should be taken 
with a broad pedicle. It is better to use two wide short flaps than to 
take one which is long and narrow. The packing gauze is now 
removed from the cavity' and the flap turned into it. The chief 
difficulty lies in fixing the end of the flap into the farthest recess of 
the cavity so as to leave no dead space. To do this, one or tw’o small 
holes should be made m the depths of the bone, so as to come out 
on the other side of the hmb ; through these holes a suture of stout 
catgut is passed, and by this means the apex of the muscle-flap is 
anchored in position, the ends of the catgut which emerge on the other 
side of the limb being tied together over a swab or buried in a separate 
incision. A few separate catgut stitches will serve to secure the 
muscle-flaps to the margins of the cavity. The wound should be 
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closed by a fe\\ separate silkworm gut stitches placed sufficiently far 
apart to allow oozing between them 
Sometimes such a wound mil heal by firet intention but more 
frequently for the first few days there wU be a copious sero purulent 
discharge which however quickly diminishes and finally disappears 
m a few weeks 

OPERATIONS rOR TUMOURS OP BONE 
Benign Surface Tumours 

In this group the only tumour of any practical importance is the 
osteoma wluch may occur in one of two forms Tlie nory osteoma 
usually arises from one of the skull bones and is of slow grow th and 
unattended by pam it is important chiefly because of the deformity 
It should be removed after suitable exposure by a chisel The growth 
IS usually so hard that it cannot be cut and the surgeon should 
therefore divide the bone from which it grows around its base 
Another and much commoner form of benign osteoma is the cancellous 
exostosis It may occur as a single bone in an adult in the position 
of the insertion of a tendon A common example is the rider shone 
which IS in reality an ossification of a part of the tendon of the adductor 
magnus Such a grow th usually requires no treatment unless it causes 
pain or irritation by pressure on the skin 
The most frequent form of cancellous exostosis consists of multiple 
outgrowths near the growing end of the long bones m children It 
appears that each exostosis is formed by an outgrowth from the 
epiphysial cartilage and for some years each sucli process has a cap 
of cartilage at its extremity from which growth continues As the 
child gets older fresh groups of exostoses may be budded from the 
epiphysial cartilage while those first formed remain attached to 
the shaft of the bone at a point which corresponds with the position 
of the cartilage m earlier years These multiple exostoses are most 
numerous near the end of the bone w here grow th is most active— that 
IS at the upper end of the humerus the lower end of the radius and 
ulna the lower end of the femur and the upper end of the tibia 
Usi!^}}} they are aot associated »Jtb pam w disability but their 
removal may be required for cosmetic reh^ns or because they interfere 
with the function of a joint The operation consists m exposure of 
eacli exostosis division of the periosteum round its base diiselling 
through the base of the process and sewing the periosteum together 
over the raw surface thus formed 

Benign Internal Bone Tlsiours 

In this category may be included cysts of bone and myelomata 
(osteoclastomas) A cyst m one of the long bones is usually fio.t 
revealed by a spontaneous fracture the underlying cause of which is 
made cudent by the \ rays Apart from hydatids which are^very 
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rare m this country, bone cysts are simple and of doubtful origin 
forming a part of so-called fibro-cjstic disease and possibly resulting 
from parathyroid dysfunction 

The treatment of the condition depends on the degree to which the 
structural contmuity of the bone is destroyed If rigidity is not 
impaired the cyst should be freely opened and the cavitj lightl> 
curetted and opened upwards and downwards into the marrow ca\itv 
so as to allow cells from the latter to grow mto and fill up the gap 
The wound IS closed without drainage If howeier the continuity of 
the bone is senously impaired as evidenced by deformity or fracture 
and especially w hen it has to bear considerable stress as m the femur 
tibia or humerus steps must be taken to reconstitute it If a good 
shell of bone remams intact then it will be sufficient to fill the cavity 
left after scraping out the cyst either with an autogenous graft or a 
piece of dead bone If the contmuity of the bone has been destroyed 
the best method will be a subpenoateal resection of the whole of that 
part of the shaft which is the seat of the fibre cystic disease together 
w ith a fair margin of healthy bone The gap thus formed is filled w ith 
a bone graft in the manner already desenbed 

\\Tiere the strength of the bone has been destroyed it may seem 
simpler to open the cavity scrape out the lining membrane and break 
m the w alls Regeneration of ^ne w ill then take place but this is a 
much slower process and will require speaal traction on the limb to 
prevent shortening and deformity 

Myeloma (Osteoclastoma) —This tumour is gener<illy signalized by 
an expansion of one end of a long bone in a young patient the tumour 
being surrounded by a very thin shell of bone and the X rays showing 
a vacuolated appearance The diagnosis should be confirmed by 
microscopical examination of a fragment from the interior of the grow th 
The treatment should be local removal If the growth occupies only 
a small part of the bone it can be removed by curetting folio \ed by 
swabbing the cavity first Vi ith pure carbolic acid and then w ith •^pint 
but It IS better if possible to cut out the grow th together w ith a shell 
of healthy bone This is not often possible without destruction of the 
continuity of the bone or mjurv to the jomt It may however be 
done in the low er jaw by cutting out the alveolar margin while sparing 
the body \\Tien the grow'th occurs in the upper end of the humerus 
this part of the bone should be resected and replaced by the head of 
the fibula \Mien it occurs at the lower end of Uie femur or the upper 
end of the tibia it will necessitate a reconstructive operation or an 
amputation unless it is recognized at a v ery early stage w hen it can be 
completely removed without destroying the mam bone or opening 
the joint In the first place the tumour must be removed together 
with a reasonable maigm of healthy bone If this has included the 
articular cartilage of the femur or the tibia then the knee-joint has to 
be sacrificed and an attempt made to save the lunb without too great 
loss of length This can usually be done by using a massive graft 
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from the tibia, uhich will bridge the gap between tlie bones and, 
if the patient is young and vigorous enough, new bone will be formed 
round this graft to give a strong and serviceable leg 

Sarcoiia 

True sarcomata of bone vary greatly m malignancy Those which 
originate near the growing ends of the bone in children and young 
adults pursue such a fulminating course that the most radical operation 
is of little avail But other vaneties, and more particularly those 
which develop m the site of some traumatic lesion, may be com* 
paratively slow in growth, and there may be no early metastases 
Sarcomata spread, and also produce secondary growths principally 
by the blood stream though in certain situations and m certain types, 
lymph spread also occurs Probably the muscles attached to the bone 
at the site of disease play some part in dissemination At one tune a 
sarcoma in a bone was thought to require immediate amputation 
through the ]omt above the growth, and this treatment was even 
carried out for myelomata (osteoclastoma) But now it is recognized 
that, as a routine, this is unsatisfactory In ultra malignant tumours 
it does too little, for death quickly occurs from secondary deposits 
In inyelomala (osteoclastoma) and probably other slow growing 
tumours as well it does too much, because thorough local remoi'al i» 
suflicient It is not possible to lay down any hard and-fast rule which 
IS applicable to all cases, and each case must be judged on its merits 

The conditions which favour local removal without amputation are 
present when the patient is of adult age, the tumour has a long history, 
was preceded by a swelling which was the direct result of an injury, 
such as a hiematoma, and is in a situation where it can be removed, 
wnth the muscles over it, and yet leave a useful limb Tumours 
growing from the ulna m the upper, or the fibula in the lower, limb 
fulfil (his last condition To some CKtent, botli the X rays and the 
microscope may assist m deciding that a given tumour is of sufficiently 
low malignancy tojustify conservative treatment . thus, if the X-rays 
show a large amount of dense bone in the tumour, it is evidence of slow 
grow til and slight malignancy In a portion of the tumour remo\ ed 
/w uacrosccpical eYariunatiru) ijpmdJe shaped cell*, multmuclear 
giant-ceUs, fibrous tissue, cartilage and bone are all favourable indica- 
tions, whilst a tumour composed of round cells like granulation tissue 
IS of bad omen 

A sarcoma involving one of the mam bones of tJie Umb require> 
amputation above the joint proximal to the affected bone Tlic 
outlook after this operation is better in the humtnis than in the femur, 
because m the former the operation consists m removal of the whole 
forequarter, whereas in the latter it is an amputation through the 
hip joint 

It may be uiged in fav our of amputation that lasting cure sometunes 
results, and. further, that it saves the patient from the horrors of 
ulceration, fungation, hxmorthage or spontaneous fracture 
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After amputation, prophylactic mjections of Coley’s fluid should be 
given in doses sufficient to cause a sharp febrile reaction 

The value of radiation m the treatment of bone sarcoma is as j et 
uncertam Probably neither radium nor deep X rajs haie much 
effect on the primary tumour, but it is possible that either may effect 
an arrest or delay in the formation of metastatic grow ths It is w ise 
therefore to use radiation, in either form, after the tumour has been 
removed, in the hope that recurrence maj' be prevented 
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THORACIC SURGERY 

By J. E. H. ROBERTS, O.B.E 

In this chapter the operations performed upon the chest will be 
descnbed as far as possible from the standpoint of the operative 
procedures rather than from the standpoint of the disease They 
will be grouped as follows — 

(1) Operations on the respiratory tract and pleura — 

(d) Drainage of acute empyema 
(61 Treatment of chronic empyema 
(c) Drainage of liuig absccss 

(rf) Removal of intrapulmonary hjdatid cysts and foreign bodies 

(e) Major intercostal thoracotomy 

(f) Lobectomy 

(g) Pneumonectomy 

(/i) Mediastmotomy and removal of mediastinal tumours 

(2) Operations for reduang the size of the thoracic cage, >e surgical 
collapse therapy 

(а) Phrenic ner\e jnterniptjon 

(б) Intrapleural pneumonolysts 
(c) Extrapleural pneumonolysis 
(i) Thoracoplasty 

(#) intercostal neurectomy 
(/) Scalcnotomy 

(3) Operations on the diaphragm 

(4) Operations on the heart 

(5) Removal of tumours of the chest «all 

I. OPERATIONS ON THE RESPIRATORY TRACT 
AND PLEURA 
Drainage of Acute Empxema 

Before draining an empyema the following points must be con- 
sidered — 

(1) The general condition of Ihc patient. — The common type of 
pneumococcal empy ema is metapneumome, that is, it does not dc\ elop 
or IS not recognized until after the acute stage of the pneumonia is 
over, by which time the absorption of much of the pulmonary exudate 
has increased the vital capacity' These patients arc not acutely ill, 
and can be safely drained by nb resection Tlie acute streptococcal 
empyemas, on the other liand, are usually synpneumonic , a large 
pleural enusion may develop rapidly, and so reduce the vital capacity 
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that the patients become desperately lU \vith severe dyspnoea cjanosis 
and rapid pulse rate In these circumstances the effusion must be 
removed with the least possible disturbance to the patient either by 
repeated aspiration or preferably by the insertion of an mtercostd 
tube 

(2) The nature of the pleural exudate —Diagnostic puncture should 
ahv’ays be earned out before operation An empyema is localized by 
the pleural adhesions round its margms and when the pus is of creamy 
consistency these adhesions are sufficiently strong to prevent collapse 
of the whole lung when the empyema is dramed On the other hand 
the thin watery fluid that is found m synpneumonic empyemas is a 
warning against exposing the pleural cavity to atmosphenc pressure 
The bacteriology is aLo important especially when the JEtioIogy is 
in doubt Likewise the odour and colour of the pus may suggest 
the cause of the infection 

(8) Ihe extent of the empyema — (a) With v ery large effusions 
causing marked displacement of the mediastinum even although of 
the metapneumomc type sudden decompression allowing escape of 
all the purulent exudate may be dangerous because of the sudden 
shift in the position of the me^astinum In such cases before under 
taking drainage by nb resection the mediastinum should be brought 
back to its normal position either by aspiration or by the insertion 
of an intercostal tube which is clamped so as to control the escape 
of pus 

(ft) In bilateral metapneumomc empyemas both sides should not 
be operated upon on the same day One side should be drained and 
the opposite side treated by aspiration followed by a drainage operation 
m a few days time 

(4) The age of the patient — In infants the mediastinum is con 
siderably more mobile than in adults and open thoracotomy is therefore 
more dangerous Unless the pus from the empyema is very thick 
and the pneumonic process has completely cleared up it is unwise 
to resect a portion of nb in an infant 

Drainage Without Rib Resection 

For the drainage of an acute empyema m a patient unfit for nb 
resection the choice rests between intermittent emptying of the 
cavity by aspiration through a needle and continuous drainage by 
a rubber tube inserted through a cannula 

The advantages of aspiration are that it can be done with slightlv 
less disturbance of the patient and that it does not require any special 
technique or post operative nursing The disadvantages are that 
repeated puncturmg every few days is unpleasant to the patient and 
frequently causes an infection m the chest wall The great advantage 
of continuous drainage through an intercostal tube is that the pleural 
cav ity is kept empty and the lung is enabled to expand so that tliere 
IS no unnecessary diminution m its respiratory function also occasion 
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ally especially in children intercostal drainage will be sufTicient no 
subsequent nb resection being required 

The disadvantages are that the patient may pull the tube out 
the tube may become blocked with fibrin a tube of satisfactory 
size sometimes causes necrosis of the adjacent nbs and pam from 
pressure on the intercostal nerve and finally the patient requires 
tw o operations instead of one as drainage by nb resection is usually 
necessary at a later date Practically these disadvantages are 
minimal blocking of the tube with fibrin can be o\ ercome by imgation 
with a little normal salme nb necrosis and intercostal pam from 
pressure do not usually anse before it is time to resect a nb and 
the insertion of an intercostal tube is so simple that it is rarclj con 
sidered an operation by the patient Therefore if adequate 
nursing is obtainable drainage through an intercostal tube is much 
to be preferred to repeated aspiration 

(1) Repeated aspiration — ^The nsk of infecting the chest wall maj 
be diminished if when a suitable place for aspiration has been selected 
an incision about one inch long is made under local an'esthesia 
down to the intercostal muscle This wound is left open and dressed 
with vaseline gauze SubsequentU aspirations ma\ be made through 
this area without local anaesthesia and the dinger of infecting the 
chest wall is a\ oided Later this incision maj be enlarged for the 
nb resection (Tudor Edwards) 

(2) Drainage by intercostal tube— It is frequently preferabh to 
do this with the patient in bed andwith the least disturbance possible 
as It IS an operation upon a very ill patient 

A trocar and cannula such as arc employed for suprapubic drainage 
of the bladder or for thoracoscopy are required A Malecot s catheter 
stretched on a metal introducer that will pass through the cannula 
IS chosen and its unstretched length measured so that it is possible 
to ascertain the length which projects inside the chest after insertion 
After mfiltratmg the chest wall with local an'esthetic down to the 
pleura an incision half an inch long is made down to the intercostal 
muscle of the selected space The trocar and cannula are introduced 
with caution so as to avoid trauma to the lung or diaphragm thc\ 
should be kept dose to the nb below so as to avoid injun to the inter 
costal vessels The trocar is withdrawn and the catheter immcdiateK 
passed into the pleural cavity through the cannula and the latter 
removed from the chest wall the introducer is now withdrawn the 
catheter is immediatciv clamped to prevent the escape of pus or the 
entrance of air U is withdrawn until the surgeon estimates that about 
one inch projects inside the pleural cavatv it is then fi\cd to the chest 
wall with a large safety pm and adhesive strapping The distal end of 
tlie catheter is joined by a glass connection to a rubber tube which is 
attached to a glass tube passing under water contained in a bottle 
under the patient s bed (Pig 173) 
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drainage is therefore not so satisfactoty. Also, an empyema cavity 
is frequently lined by large masses of fibrin which, if a rib is resected, 
can be removed, and prevented from organizing and forming a thick 
layer of fibrous tissue over the lung ; this allows more rapid 
re-expansion of the lung and obliteration of the empyema cavity. 

Anesthesia may be either local or general ; if local is \ised, not 
only should the skin and muscles be infiltrated but also the periosteum 
on the surface of the rib and between the intercostal muscles above 
and below the portion to be resected. For general anresthesia, nitrous 
o.xide and oxj'gen, or c5'’clopropane and oxygen, are preferable to 
ether or chloroform. 

The correct place for the drainage opening is on a level with the 
bottom of the cavity, so that when the patient is sitting or standing 
upright no pus can collect. This site is found by aspiration at several 
different points. It must ‘be remembered, however, that a large 
basal empi’ema depresses the diaphragm ; after drainage this rises 
and the costo-phrenic sinus tends to be obliterated, so that the ninth 
rib laterally, or the tenth rib posteriorly, are usually the loivest limits 
for resection. 

The position of the patient for operation is that position which is 
most convenient for the surgeon ; for e.xample, if resection of a portion 
of the ninth rib in the posterior axillary line is indicated, the patient 
lies on the good side with the upper scapula rotated forwards. If the 
patient is not fit to He in the required position, he is not fit for drainage 
by rib resection ; temporary drainage by intercostal catheter should be 
used until there is sufficient improvement to justify rib resection. If 
there i.s ‘a large bronchopleural fistula, the cmps'cma ca vit)' should be 
emptied of all pus by aspiration l)efore placing the patient in a position 
which might make a large quantity' of pus run through the fistula into 
the lung. 

The incision is over the rib and parallel with it, and in an adult 
should be from three to four inches long. On exposing the rib, the 
periosteum must be incised for two and a half or three inches ; at 
cither end of the incision a cut should be made at right angles, so as 
to avoJeJ a -small ^i«:e of rib uncovered with periosteum, 

which increases the chance of necrosis of the rib ends. The periosteum 
and intercostal muscles are stripped from the rib with a Farabeuf’s 
ruginc. Owing to the direction of the intercostal muscles it is im- 
portant to work fonvards on the upper margin of the rib when stripping 
them off, and backwards along the lower margin. (Fig. 174.) Finally, 
with a Doyen’s raspatory the remaining portion of the periosteum is 
detached from the deep surface. After the portion of nb is excised, 
the aspiration is repeated to make certain that one is at the right 
level before incising the periosteum. When this has been ascertained, 
the empyema is opened by incising the posterior periosteum. It is ' 
advisable either to remove the periosteum or paint it with 10 per cent, 
formalin in order to prevent bone regeneration in the form of a ring 
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which may subsequenth ha\e to be removed before healine tikes 

place Thecavitj shouldbcexploredvviththefmgersoastodetermine 
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Nvith a pair of sponge forceps and by gently rubbing the walls of the 
cavity vith gauze. The remo\'aI of fibrin should never be so rough 
as to break down anj* of the adhesions round the margins of the cavity. 

For drainage, a large rubber tube should be selected, with an external 
diameter of about I in. and the end cut obliquely. It is introduced 
just inside the pleura so that it rests on the floor of the cavity with 
the oblique opening facing upwards. A second tube of small external 
diameter (about J in } is passed alongside the larger tube to the upper- 
most limit of the cavity ; this tube is later used for irrigation and is 
temporarily occluded with a spigot. The wound is closed tightly 
round the tubes in two layers by interrupted sutures The tubes 
are fixed to the chest-\\*all wth a large safety-pin and adhesive 


Fig. 175. — Negative pressure drainage (17 authors bottle with gauge and valve. 

Strapping. On return to the ward, the drainage-tube is connected 
with a botffe under the beef 6y a gfass connector and rubber tube of 
the same size as the drainage tube. This bottle has a wide neck, and 
is half-full of water, wth a short exit tube for air and a long glass 
tube that goes down one incli under the water ; to this latter the 
nibber drainage-tube is connected. (Fig. 175.) 

If anieroblc organisms are the causative bacteria, as when a putrid 
lung abscess perforates into the pleural space, the empyema cavity 
should be packed with drj' gauze and no attempt made to suture the 
incision ; b}' this method there is less likelihood of post-operative 
spreading infection of the chest wall ; the gauze is left in silu for the 
first tlxrec days after operation and is subsequently changed daily. 
If the fetor does not disappear in a week, the cavity should be packed 
^vith gauze soaked in 40 per cent, zinc peroxide paste. As soon as 
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the incision is co\ered with granulation tissue and the fetor has dis- 
appeared, the packing maj be replaced bj rubber tube drainage 
Postoperatbe management, ioca/ —Although it is unneccsiara* 
to maintain a negati\e pressure m the pleural cav^ty with a metv 
pncumonic empjema it will, nevertheless, assist the closure of the 
cavity, and also help to keep the dressings clean, if the drainage tube 
IS kept connected \nth the bottle under the bed for the first week 
or two 

It IS unnecessary to remove the tube more than once every seven 
days, when the skin is cleaned with ether and a fresh tube and pm 
replaced and fixed The adhesive strapping becomes soiled with the 
discharge, but so long as it retains its hold there is no need to replace 
It If the skin IS painted withtmct bcnzomico before each application 
of strapping, it does not become sore When the cav itj is clean and 
the capacity is under 100 cc . the size of the tube is reduced but a 
small one must be left in until the lung is completely expanded 
If facilities are available the size of an empyema cavity can be 
determined more accurately by measuring its capacity after filling 
it with a fluid opaque to X-rays (sucli as iodized oil or, if no fistula i'» 
present, banum emulsion) and taking radiograms in two planes 
Such X-ray films are most valuable in deciding when to remove the 
drainage tube 

Irrtgaltons are best performed with Dakm’s solution or Huso! 
Tliese contain free chlorine and should ^ freshly prepared at least 
once a week and kept m dark bottles away from the light , they can 
be used at full strength If they arc not obtainable, normal saline 
solution IS the next best, but on no account should liydrogcn peroxide 
be used Instead of using the fluid for “ mechanical ” lavage, it l- 
preferable to get the patient to he down with the opening uppcmiosi 
and to run the fluid in through the small catheter, thus allow ing free 
exit for the displaced air When the cavity is filled the irrigating 
fluid escapes from the drainage tube imgation of the whole of the 
cavnty, including any recesses, is thus obtained Tlie imgitions arc 
start^ 48 hours after operation and on the first occasion saline is 
used in case there happens to be an unsuspected bronchial fistula 
The imgations are repeated duty to begin wath hut are reduced m 
frequency when the cavity is clean These imgations cannot lx? done 
so long as there are signs of a broncho pleural fistula, and the patient 
must be instructed that, if he suddenly starts to cough when the 
fluid IS inside he must quickly sit up, or roll over, to get rid of it 
rhe dressings should be changed once a day to begin with, and at 
the same time vaseline or ung calamtmi should be applied to the 
skin to protect it from the Dakin’s fluid or Cusol 

Breathing exercises greatly aid expansion of the lung, they arc ol 

two ty^os — , t 1 fl. T 

(1) Blowing up an air nng, or blowing the classical coloured n«i‘i 
from one bottle to another In this enforced expiration the air is 
forced from the sound lung over the bifurcation of the trachea and 
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the lung on the diseased side is expanded This method is of consider- 
able antiquity but of doubtful value 

(2) Active inspiratory exercises TTiese are of much greater % alue 
The patient is taught to control both diaphragmatic and costal ino\ e- 
ment on the affected side, so that ultimately perfect function is restored 
If properly applied, these exercises reduce the incidence of chronic 
empyemas to a minimum Active exercises of the shoulder girdle 
and vertebral column are also of value in preventing scoliosis and 
thoracic deformity With the same object the patient should be 
encouraged to move about in bed after the operation and should get 
up as soon as the general condition allows 

In this discussion on drainage of acute empjemas the terms “ open ” 
and "closed” drainage have been avoided owing to the vaned 
definition given to them " Closed drainage may be used when 
the emp) ema cavity is at no time exposed to atmosplienc pressure , 
this indudes repeated aspiration and continuous drainage by inter- 
costal tube which is connected to a water bottle 

Chronic Empyema 

There are three types of chronic empyema (1) Latent, in which 
the empyema, with or without a bronchial fistula, is not discovered 
until many months or e% en j ears after the acute onset (2) Persistent, 
in which the empyema persists for an abnormal length of time after 
the original drainage It may be draining more or less completely 
through the opening in the ciiest-wall or the opening having been 
allowed to heal, the pus may Jiave re accumulated in the canty 
The treatment of both the latent and persistent varieties is similar 
and they will be considered together (8) Tuberculous empyemas 

Causation and Prevention op Persistent Emp\tm\ Cavitv 

A persistent empyema cavity may be caused by — 

(1) The removal of the drainage tube before the cavity is completely 
obliterated This is by far the commonest 

(2) The persistence of the infection in the empyema cavity, which 
may be due to any of the following causes— 

(rt) Failure to remove the fibnn from the canty at the time 
of drainage^ 

{b) Failure to prov ide a sufficiently dependent drainage opening, 
so tint there is a puddle of pus at the bottom of the caviti , 

(c) Too long a drainage tube so that the pus can escape onl) 
by o\erfiow, or too short a one, so that there is, between the 
end of the tube and the cavity, a sinus through which drainage 
will not readily occur 

(8) Delayed expansion of the lung caused bj — 

(а) thick fibrous deposit on the nsceral pleura due to per- 
sistence of the infection in the cavity , 

(б) broncho pleural fistula , 

(c) fibrosis of the lung 

These list two are comparativel> rare 
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(4) A foreign bod}* le/t in the cant}*, such as a piece of dramage 
matenal or, rarely, a portion of necrosed nb Tins is, unfortumtcK , 
too often found to be the cause 

(5) Abnormal cetiolog}' nhich was unsuspected at the time of 
drainage, such as tuberculosis, actinomy costs or grow fh 

If an ordinar} empjema is still discharging pus after four weeks, 
and IS not healed at the end of eight, investigation should be earned 
out to discover the reason When there is an obvious cause, such as 
badl} planned drainage or foreign body, this must W dealt with 

Preliminary treatment of chronic empyema. — ^Tliesc patients are 
often suffering from long continued tovumia They are anamic . 
they hav e often lost a considerable amount of body w eight , the cardiac 
muscles arc degenerate, and some amyloid disease may be present 
Tliey are, therefore, as a class, poor subjects for any severe operative 
procedures In most cases treatment should be begun by redrainagc 
of the cavity at the most dependent point, taking the opportunity 
to obtain a piece of panetal pleura for histological cvammation 
If irrigation and breathing exercises are now canied out, the lung 
will, in many cases expand and further operation be rendered un* 
necessary If facilities are available, obliteration of the tmpjcma 
cavity may' be encouraged by' applying a high negative pressure, by 
means of an electric or water pump to the tight-htfmg drainage tube 
Tlie negative pressure should always be measured and a leak valve 
should be inserted so that the pressure cannot exceed that decided 
upon Minus five centimetres of water may be used at first, rising 
to minus fifteen if bleeding or pam do not occur If expansion does 
not take place, further operation is postponed until the condition of 
tlie patient w arrants it An empyema is not liealed until the vnsccral 
and panetal layers of the pleura have come into contact and wiled 
If this cannot be accomplished by expansion of the lung, then the 
parietal pleura with the chest wall must be brought down m contact 
with the lung 
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Discission (RansahofT’s operation). — This consists in making gnd iron 
incisions through the visceral pleura down to the lung tissue in order 
to aid expansion of the lung and provide a new granulating surface 
over the lung for union with the panetal pleura In practice, the 
incisions do not result in any further expansion of the lung and new 
granulations on the vi«;ceral pleura are of no value m obtaining union 
of visceral and panetal pleunc, as this readily occurs jn their absence 
if the two are brought into contact The operation has thertforc 
nothing to recommend it and should never be performed 

Decortication. — As the lung is, so to «:pcak, impriNoncti by 
fibrous coat, it may expand and fiU the chest cavity if this layer t>i 
fibrous tissue is removed The removal, or decortication, seems an 
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ideal procedure but is not practical ^^hen tlie empyema is large owing 
to the difficulty of exposing the whole cavity It is not possible to 
^ anticipate in which cases it wall be possible to find a plane of clea\ age 
time docs not seem to be a factor as this operation may be performed 
at the time of draining a latent empyema only a few months old or 
as in one of the author s cases in a persistent cavity of o\er se\cn 
years duration Tlie operation is earned out by enlarging the original 
drainage opening by resection of one or two ribs and forcibU retracting 
the parietal layer An inasion is made with extreme care through the 
deposit on the visceral pleura until the bluish grey tissue of the lung 
IS exposed It may be possible to find a plane of clea\age between the 
visceral pleura and its encasing layer of fibrous tissue which is then 
carefully dissected off the whole of the \iscenl surface particularly 
at the angle where the \isceral and parietal layers are m contact 
Although this operation has produced many staking successes the 
results are not sufficiently uniform to justify its Use even when it is 
' technically feasible 

Thoracoplasty — \Vlicn it has been found impossible to bang out the 
lung to the chest w all by prolonged drainage (with suction if av ailable) 
and irngation of the ca\ ity with Dakin s solution tlien the chest wall 
must be brought down to the lung to obliterate the cavity by some 
type of thoracoplasty Tins operation must never be contemplated 
until the cavity has been really adequately drained for at least three 
months because even cavities that have persisted for years may clear 
up when properly drained A second and equally important reason 
for delaying thoracoplasty is that these patients are frequently suffenng 
from chronic toxajmia with the associated myocardial changes 
amyloid disease or a severe anamiia may be present The condition 
of the patient will be much improved by adequate drainage and general 
treatment 

The ordinary operation of thoracoplasty is not sufficient m chronic 
empyema because the thick rigid deposit on the parietal pleura will 
still keep the cavity open after the nbs have been resected The 
operation now to be described has been found highly succe'^sful m a 
large scries of cases 

Authors technique — The operation must be performed in two or 
sometimes three stages as it is rarely possible to do the whole operation 
m one sitting without severe nsk to the patient s life In one two 
or three stages according to the size of the cavity the nbs overlying 
It must be resected subpcnostcally The stages of dccostalization 
proceed from above downwards and thcdraiinge hole in the chest wall 
IS sealed off at the time of operation so that with precaution the wound 
does not become infected from the sinus (For detail see Tlioncoph^ty 
p 8G0) 

The nbs must be resected well beyond the margins of the cavity 
when it hes postenorly the reaction must be continued back to the 
transverse process and when the cavity extends nearly to the ajicx 
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the first nb must be taken (Fig 176 ) As the intervals between the 
stages of decostalization ma> ha\e to be two weeks or more the 
regeneration of the nbs should be prevented b} rubbing the penostcum 
w ith 1 0 per cent formalm At the final stage the w ound is re opened 
and a flap is made of the outer wall of the cavity (Fig 177) In 
order to mamtain the blood supply of this flap the cavitj is incutd 
along its antenor margm This includes division of the intercostal 
vessels which are ligated The incision continued round the ape\ 



Fjg 176 — D agram showing decostalizat on oTer * chron c empyeina caTity 

of the cavntj in such a way that the thickened panetal lajer with the 
ov erljnng intercostal muscles and pcnosteuiu form a pedunculated flap 
that IS hinged postenorlj The section of the intercostal nerves does 
not cause weakness of the abdominal wall aS the only nerv cs suppl} in? 
the abdominal muscles which are divided ure the seventh and cignt i 
thoracic it is necessarj to divide at least three nerves of suppK n 
the abdommal musculature to produce deiPonstrable weakness 
The whole of the inner hning of the cavntj jsnow curetted moroug } 
^^^lere the visceral la>er of thickened plei»ra runs into 
laver postenorly a wedge of fibrous tissue is resected to allow 


THORACOPLASTY FOR EMPYEMA 


317 


chest-wall flap to hinge fonvard so that it will lie with the whole of the 
parietal surface in contact with the \isceral, for if these two surfaces 
can be maintained in contact they will adhere, and obliterate the cavity. ' 
Gauzesoakedin 1-in-lOOO flavine to which an equal quantity of liquid 
paraffin has been added, is now placed on the outer surface of the chest- 
wall flap so as to hold it doNvn. The musculo-cutaneous flap is next 
drawn forward on the outer surface of the pad of gauze and maintained 



Fig. 177. — Diagram of posterior hinged flap made from the outer wall 
^ AwpywM can.*}*. * 

in place with a few sutures. (Fig. 178.) Another pad of gauze is then 
placed on the outer surface of the skin, and the chest-wall strapped 
tight!}' with adhesive plaster. Skv days later the wound is re-opened 
and the flavine and paraffin pack that lies under the skin is removed ; 
the musculo-cutaneous flap is sutured back into position, and a small 
drain left in for a few days. 

This operation yields a higher percentage of cures than any other 
operative procedure (the percentage approximates to 100), and the 
final deformity is less marked than after the “ de-roofing” operation 
initially described by Schede. Schede's operation is widely practised 
for the treatment cf chronic empyemas : it consists of dccostalization 
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over the empyema cavity as in the author's operation, but the chesl- 
\\ all flap consisting of the thickened panetal pleura, intercostal muscles 
•and bundles and periosteum is excised completelv instead of l>ein« 
utilized to he^ fill the empyema caWty. The"^ musLrcutan^usX 
IS thus brought into direct contact with the visceral pleura to which it 
adheres m successful cases. Any part of the cavity which cannot be 
obliterated with the musculo-cutaneous flap is packed with dry cauzc 
and allowed to heal from the bottom by granulation tissue The 



Fig. 178. — (a) Longitudinal section through chronic emprema caWty before thoraco- 
plasty. (b) The operation completed ; the gauze pack is seen lying deep to the skin 
and txtracasul muscles, (c) The end result. »«., complete adhesion hetioeen the 
Tisceral and parietal layers of pleura. 

procedure gives good results provided the chronic enipj’ema cavity 
does not include the paravertebral gutter. Unfortunately this region 
frequently is involved 

Operation by muscle graft. — Small residual empyema cavities, 
especially those with multiple bronchial fistulK, may l>e filled with a 
pedicled muscle graft. (Sre p. 827.) 

Tuberculous Empyemas 

A pure tuberculous empyema (not secondarily infected) ma>- develop 
spontaneously or, more frequently, it develops during the course of 
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treatment by artificial pneumothorax If toxic sjmptoms arc not 
marked, tlie pus should be aspirated and replaced with air if it is 
considered essential to maintain the collapse of the underlying lung, 
the pleural pressures are mamtamcd as in an uncomplicated pneumo 
thorax , in the other cases moderate negative pressures (8 to 12 cm 
of water) should be left at the end of each aspiration in order to 
encourage re expansion of the lung If toxic symptoms are marked 
the same regime should be instituted, but the pleural cavity should 
be irrigated at each aspiration If toxicity persists, continuous drainage 
by an intercostal tube is necessary 

Tlie great majority of tuberculous empyemas which are secondanly 
infected with pyogenic organisms require drainage bv an intercostal 
tube but toxic absorption may often be reduced to a minimum and 
occasionally the secondary injection eradicated by pleural imgations, 
and such treatment is worthy of tnal m view of the great difhculti 
m completely obliterating a large tuberculous empy ema after tube 
drainage 

In any case m which there is a bronchopleural fistula sufficiently 
large to allow expectoration of the pus, continuous tube drainage is 
essential to prevent spread of the pulmonary' disease from aspiration 
The drainage opening should be m the anterior axillary Ime, so as not 
to interfere with a subsequent thoracoplasty 

Ultimately, when all toxic absorption Ins ceased the majority will 
require collapse bv thoracoplasty, as it is rarely possible to get the 
lung to expand sulTiciently to obliterate the space The operation 
sliould consist of simple decostalizntion over the cavity, followed, in 
drained cases, by the application of a high negative pressure to the 
drainage tu^ when this is available If there is a residual cavity after 
such treatment, the author's operation described for chronic pyogenic 
empyemas should be adopted it is not adopted in the first place 
owing to the likelihood of complication by tuberculous infection m the 
tissues of the chest wall 

Technique of pleural wash-outs. — ^Tlie patient is propped up m bed 
in a half-sitting position Two hrge-bore needles are introduced into 
the chest, one at the apex — usually the second interspace in front — 
and the other m the antenor axillary line at the bottom of the cavity, 
but not in the costo phrenic sinus A two way stop-cock is connected 
with the lower needle and the empyema is evacuated w-ith a Potain’s 
aspirator The stop cock is then turned and 0 2 per cent methv Icne 
blue run into the cavity The upper needle is connected with an 
artificial pneumothorax apparatus and, during the removal of the fluid, 
some air may be let m if the negative pressure becomes too severe 
AVhen the fluid is being run m cessation of mo\cmc/]t in the manometer 
indicates that thecavaty jsfillcd with fluid The fluid is then w-ithdrawn, 
and tlie process repeated until the return is clear The cavitv is left 
empty and w ith a negitiv c pressure Tins procedure should be earned 
out weekiv, or more often if toxicity is marked 

There arc a few cases in which aspiration, possibly combined with 
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pleural irrigations produces cc^tion of the re accumulation of pu> 
and of to\ic absorption but the lung is unable to expand to obliterate 
the space a thoracoplastj ma> be a\otdcd in these patients bj filling, 
the caMty with oil thus comerting the p>opneumothora\ into an 
oleothorax 


Drainage of Lunc Abscess 

Principles of the operation —(1) The exact localization of the alh^e^s 
before operation both bj physical cigns and \ ra\ is of the utmost 
importance so that it ma> be opened at a pomt nearest to the surface 
of the lung It must be remembered that a lung abscess ma\ gi\e no 
phj sical signs on exammation b\ the ordmarj clmical methods and 
localization will then depend largely on the radiogram a lateral uew 
as uell as a postero anterior being essential in some ca'^es oblique 
\iews wall aid m the accuracy of localization If doubt still exists as 
to the exact position of the abscess X raj examination after intro- 
duction of iodized oil into the bronchial tree ma\ determine its position 
bj shoiMng an area into which the iodized oil does not enter In a few 
cases bronchoscopj raaj be required to determine from which bronchus 
the pus IS being expectorated On no account should aspiration be 
emploj ed for localization before the operation as this is ven likeh to 
be follow cd bj emp\ ema 

The importance of accurate localization cannot be o\er-cmphasized 

(2) There must be firm adhesion between die two pleural surfaces 
m the field of operation before the lung is opened If the abscess is 
situated in apposition to the chest wall some adhesions maj already 
exist but unless of long duration thej are unlikelv to be \cia firm 
It IS impossible to disco\ er the extent of dicse adhesions at the operation 
w ithout nmnmg the nsk of inducing a pneumothorax On this account 
the operation should almost alwa\s be done m two stages the object 
of the first being the formation of pleural adhesions o\ er the area of 
lung to be subsequenUj incised AU putnd lung abscesses arc situated 
in the pe^pher^ of the lung and therefore m contact wiUi the \isceral 
pleura but the penpheri of tlic lung mcludes the lung tissui. 
adjacent to the interlobar fissures the mediastmal pleura and the 
diaphragm when an abscess occurs in one of these latter situations 
although pleural adhesions are present there are no adhesions between 
the lung and the chest wall through which drainage is to be performed 
Drainage must then uuanabh be done m two stages \notlicr reason 
for two stages is the danger of an extensue infection of the chest wnll 
if the pus from the abscess comes into contact with the tissues bcfoii. 
a bamer of granulations has dex eloped 

(3) If the abscess has been present for several months with con 
sequent loculation and surrounding secondarv bronchiectasis a 
drainage opening is required so that the loculations ma\ be broken 
down and the cavatv allowed to heal from tlic bottom b\ granulation 
tissue This necessitates removing a wade lid of tis-ut. ovt-r tne 
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abscess cavit} This wide drainage is not required in those cases of 
acute putrid abscess which come to the surgeon before loculation and 
secondary bronchiectasis have occurred Such cases simply require 
drainage from the bottom and \vill heal rapidl> witliout the resultant 
persistent bronchial hstul'e which so often occur after uide de 
roofing The results of earlj drainage of acute putnd abscess have 
been excellent 

In some patients with an abscess of manj months duration 
lobectomy instead of drainage should be considered as the con 



Fig X79 — Drainage of lung abscess A portion of 
two ribs has been excised The posterior periosteum 
has been incised and the intercost^ muscles are being 
separated by a finger 

V alesccnce after drainage is veiy prolonged and the result is frequently 
unsatisfactorj owing to the presence of sccondar 3 bronchiectasis On 
the other hand lobectorai can al»a}S be done after drainage when 
the general condition of the patient will haveimprov cd and the \ irulencc 
of the broncho pulmonar) suppuration diminished so that a fulmmat 
mg post lobcctomj empjema is less hkelj to occur 
Technique 7Jic first stage — The position of the patient is that 
which gives easiest access to the area to be operated on it is preferable 
to have the tabic in slight Trendelenburg position that anj pus which 
escapes from the abscess into the bronchial tree ma> gravitate towards 
the hr\ n\ and be expectorated 1 ocal an-esthesia is preferable to anv 
M 
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form of genen! anaesthesia as the cough reflev is not then abnlislied 
and spread of the putnd pulmonary infection b} inhalation is thus 
aaoided If the patient is aer^ nenous nitrous o\ide and o\\ gen ma\ 
be used 

The site of the incision depends on the position of the absress and 
It should be of sufficient eatent to permit m the adult a resection of 
3 inches of tv%o nbs The lowest nb resected should be on a JeatJ with 
the lowest part of the abscess Having completed tlic rib resection 
the intercostal bundle must now be remoNcd This is dont b\ 



F g i8o — Drunage of lung absceu The 1 gated inter 

costal bundle ts l>e ng Tcmored and the intercostal ressels 
at the tower angle are be ng undenun 

longitudinal incision through the posterior penostcum of the two nb 
beds and then wath the utmost care not to puncture the pkun tli 
intercostal bundle is dissected from thcundtrlungpanctal pU ura with 
a blunt instnimcnt or a finger (Fig 17^ ) . t .i « 

The intercostal senseis and muscles at either end arc ligated and th" 
intercostal structures remoacd (Fig IbO) To promote adhesions 
betw een the tw > {a^ ers a pitct < f gaure so il.e<I in tincture r I toil ” 
is placed on the outer surface of the parietal pleura and the w un 
temi>oraril\ clostal with a small dram down to the gauze A 1’*^^.^ 
lead wire encl< sid m a rubber tube h placed ar uind the margin o i 





DRAINAGE OF LUNG ABSCESS 


S‘’S 

prejnrtd'irc'i of plcim {Fi^ 181 ) before the second stige ndiognms 
of the chest are made m two planes so tint the relation of the 01^1% 
to the prepared area is clearly demonstrated 
The scconl sta^e — The interval between the stages will depend on 
the state of the pleura as seen at the hrst operation and the urgency 
of the patient s condition If the panetal pleura is transparent and 
the lung can be seen moving under it an inters al of seven days is 
desirable but where the pleura is thickened and adhesions are alreadj 
present the interval need not be more than four or five days 



F s. *81 — Hw nage of lung abscess A lead w re 
enclosed in a rubber tube enc rcles the zone of cleared 
pleura and the gauxe pack is be ng inserted 


Local an'esthesia is preferable as m the first stage If nitrous oxide 
and o\>gcn are used (cyclopropane cannot be used as it is highly 
Cfmbiistible) it is an adtantage to have gas and oxygen an'esthesia 
under pressure when opening the lung because the pus is then blowai 
out of the wound by the pressure of the gas instead of being sucked in 
The incision is reopened and tlie gauze remoted llic lung is 
explored with a large-bore needle to find the ( \act yxisition of the pus 
before incising the lung If the abscess is dramm„ through the mouth 
it may contain only air whichwiUbcv.athdriwn into the s% Tinge and 
has a peculiarly foul odour which distinguishes it from air tint miy 
inve been aspinted from a bronchus For excising and rcmos mg the 
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tissue Q\er the abscess the most satisfactory method is to ;.isc a 
diathermic current or the actual cautery at dull red heat so is to 
control h'emorrhage At the same time the assistant emploj s aspira 
tion so as to keep the lung field dry If the abscess is of long standing 
It IS desirable to remove the lung tissue o\ erlj mg the outer surface of 
the cavity and also to open any auxiliary pockets into the mam cavitj 
If the abscess consists of a single cavity ^\hlch has been present for 
only a few weeks a smaller opening at the lower limit of the cainty 
IS sufficient The absce&j caxity is packed with dry gauze and the 
margins of the wound covered with gauze smeared with vaseline ^o 
sutures should be applied to the skin or to the muscles of the chest w all 
as the mam difficulty is-to keep the superficial tissue from closing before 
the lung Itself has healed 

Postoperative treatment — The dressmgs are left undisturbed for the 
first two day s after operation After this the dressing mcludmg the 
gauze packing m the abscess should be changed ev ery 24 hours The 
wound is repacked with dry gauze and vaseline is used to prevent its 
adhenng to the tissues of the chest wall If the discharge continues 
to be fcBtid gauze packmg soaked in 40 per cent zmc peroxide paste 
will rapidly remov e the odour Later if the opening in the chest wall 
tends to contract so as to mterfere with replacing the packing m the 
ab&cess cavity a large rubber drainage tube is passed doivn to but 
not mto the abscess cavity and gauze packed tightly round it to 
maintain the opening in the chest wall 

The patient should he on the afiected «ide as much as possible so 
that the pus may escape through the drainage opening instead of 
runnmg the nsk of being aspirated into the healUiy side Expectora 
tion of any material which escapes into the bronchial tree should be 
encouraged 

The general treatment of the patient requires special attention 
Abundance of fresh air is necessary and blood transfusion will 
frequently be found advantageous Unhke ca‘;es of empyema there 
should be no hurry to get these patients out of bed cases of suppuratu e 
pneumomtis require prolonged rest The average case takes from two 
to SIX months to heal depending on the duration of the abscess before 
dramage and to a lesser extent on the size of the cavity 

Postoperative dangers and complications — (1) Havtorrhage i» a 
senous comphcation Those nursing the patient should be forewraned 
and informed how to deal with the hemorrhage rather than told to 
w ait for the doctor A stenle package contaimng a six j ard roll of 
gauze and two large arterv forceps should alwavs be kept beside the 
patient s bed As soon as the patient starts to cough blood the 
dressmgs are rapidly removed and the lung wound packed tightly with 
the dry gauze under the guidance of the eye If a defimte area oi 
the wound can be seen to be the ongm of the hxmorrhage it is some 
times possible to pass a suture ligature round it The plugging may be 
removed with caution 48 hours later 
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(2) Spread of tnfecltou itt the lung — Small pockets of pus not dis 
cov ered at the time of operation maj keep up the infection in the lung 
Occasionally the pneumonitis and abscess formation may spread slouly 
throughout the affected lung and e\en to the opposite side, with fatal 
results Attempts should be made to dram any subsequent abscesses 
into the mam abscess cavity 

(8) Infection of the chest wall — Infection of the cliest-wall is unusual 
when the operation has been performed in two stages It is usually 
streptococcal and may be severe and widespread, requinng drainage 
by multiple incisions 

(4) Broncho-cutaneous fistula : — (Seep 327) 

(5) Brain abscess — This is a disastrous but apparently uncontrollable 
complication 

Removal of Inthapolmonarv Hvdatid C\sts and 
Forlign Bodies 

(1) Hydatid C}sfs. — A hydatid cyst m the lung will continue to 
enlarge until it eventually ruptures, usually into a bronchus and rarely 
into the pleural or peritoneal cavity Occasionally, however, the cyst 
becomes second'^nly infected and then simulates a lung abscess The 
only satisfactory treatment is operative removal of the entire cyst 
The operation is very similar m pnnciple to that for lung abscess, in 
that accurate localization is essential, and adhesions must be present 
between the two pleural layers before opening the lung, to prevent 
sowing more cysts in the pleura It is advisable not to perform the 
diagnostic puncture with a needle until the second stage of the opera- 
tion, because this may cause rupture of the cyst into the bronchus 

Technique . — The first stage is exactly similar to the first stage for a 
lung abscess 

The second stage — Hav mg opened up the chest-wall flap and exposed 
the parietal pleura, the margins of the wound are protected wath gauze 
soaked m 2 per cent formalin to guard against the implantation of 
cysts in thfe incision The lung is incised with a knife, or with a 
diathermy knife, until the wall of the cyst is exposed and identified 
by its dead white colour It is preferable to remove the cyst intact, 
and this can be done if the contents are aspirated before removal, 
before pushing the aspirating needle into the cyst the patient (under 
a local anresthetic) is made to hold his breath in inspiration, in case 
the cyst ruptures into a bronchus whilst being punctured After 
aspirating as much fluid as possible, the synnge is disconnected from 
the needle, and with another synnge a few cubic centimetres of 5 per 
cent formalin are injected into the cyst 

The cyst is composed of a white animal membrane and an 
adv entitious membrane formed by the host w hicli, m the lung, how ev er, 

IS an extremely thin layer of fibrous tissue There is no connection 
between these two, therefore when the cy'st is emptied it falls away from 
the walls of the adv entitious capsule, and is usually coughed out through 
the opening in the lung The whole animal membrane must be remov cd. 
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-ind the ca\ it> m the lung should be cnreftilh m^iKctcd f r an\ uitiiv 
of \\hite membrane 

As the h> datid c> st is uninfected the wound nn> be cli sed without 
drainage The lung itself is not sutured but the muscles and skm of 
the chest wall are completely closed If tlm cyst is infected the 
remaining ca\ity is treated as a lung absccss 

(2) Foreign bodies, including projectiles — Inhaled foreign bodies he 
in the bronchial tree and must be removed through the bronchoscope 
otherwise thev will give nse at some later date to a suppuntive 
pneumonitis About 10 percent ofinhaled foreign bodies need remov'al 
through the chest wall Foreign bodies that have entered the lung 
through the chest wall he m the parenchyma and are much less 
inclined to give trouble than those that have been inhaled If the 
foreign body is infected it may cause a lung abscess either shorlli after 
theentrance or it ma\ be many yearsafterwards Sometimes foreign 
bodies of irregular shape such as the projectiles from high cvpiosnes 
cause pain and frequent blood spitting and in these circumstances 
their removal will be required Metallic or other inert foreign bodies 
which have entered the lung through the chest wall should nol be 
removed unless symptoms directly referable to them are pre<ent 

Principles of the operation — (1) Accurate localization before opera 
tion IS important This is earned out by postero antenor and latenl 
or preferably by stereoscopic X ray s The operation is best perfonned 
on an X ra\ table and if possible with two X rav tubes working at 
nght angles to each other so that the chest can be screened from the 
antero posterior and lateral fields without moving the patient \n 
alternative but less satisfactory method is to screen on the dav before 
operation The patient is first laid flat on his back and a mirk made 
on the skm verticallv above the foreign bodv He is then turncil 
through a right angle and another mark made on the skm 1 malU 
he IS put into the same position as he will be on the operating table 
and a third mark is made on the skin exactly over the opacitv m the 
lung These allow the surgeon to visualize the plane on which he 
must look for the foreign body The general plan is to approich il 
b\ the most direct route from the pinetes (2) Pleural adlu-sions 
Foreign bodies is a result of war mjunes are often infected ind it i 
desirable that the lung be opened without entenng a free pleural cav itv 
Lsuallv m these cases pleuril adhesions of some extent ire found and 
moreover there is little chance of an empyema following the operation 
if the lung is kept out bv positive pressure anzesthesia 

Technique — Nitrous o\ide and oxygen usmga well fitting mask 
that positive pressure mav be applied if necessan are the preferabk 
methods of an'esthesia The depth should be such that the patient 
will cough out anv blood that enters the bronchi Re^'cction of about 
three mches of one nb is usuallv sufficient but it mai he nccc^san to 
resect portions of tw o The panetal pleura is exposed andifthware 
seen to be no adhesions the an'estbetist is wanied to appU ^ufiicien 
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pressure to keep the lung fuU> expanded An. m'lsion is now made 
down to the visceral pleura and the lung palpated from the surface 
B> pressure on the lung with the finger, it may be possible to feel the 
foreign bodv m its substance If this is impossible, the visceral pleura 
IS incised and the lung substance explored b} gently pushing a finger 
into the lung When the foreign body has been felt, a pair of large 
artery' forceps are pushed through the lung substance towards it By 
gently working with the forceps the foreign body can be freed from its 
adhesions to the surrounding tissue and then grasped and withdrawn 
The lung is repaired with a few deep catgut sutures, which mav' also 
be required to act as hemostatic sutures if there is much bleeding 
The wound is closed with a small dram gomg down to the pleura bpt 
not into the lung 

Treatment of Broncho-Cutaneous Fistull 

Fistulje following the drainage of a lung abscess usually close spon 
taneously when the infection m the lung has cleared, and in the greater 
number of cases no operation is reqmr^ Closure is almost invariable 
after early' drainage of an acute putnd abscess , persistent fistula 
result from delaying the drainage until much fibrous tissue surrounds 
the cavity To hasten closure the openings miy be pamted with solid 
Sliver nitrate, which destroys the epithelium and causes fibrosis 

The number of fistula which will ultimately close under this regime 
IS very large and many months should be allowed before deciding on 
operation, as a fistula does not incapacitate the patient Occasionally, 
however, the bronchial fistula is very large and wall not close without 
operation Tliere are two types of operation — 

(1) ^\^len the broncho cutaneous fistulx arc open almost on the 
surface , the mouths of the bronchi arc held open by the rigid scar 
tissue round the involved area In these circumstances closure is 
attempted by p'lssing a probe into the fistula and incising the lung 
round it so that the track, with the probe in it, is isolated The base 
of the fistula is then cnished and ligated with catgut, and the lung 
tissue sutured over it 

(2) ’Ifore often the fistul-e open in a cavity which results from the 
drainage of a lung abscess No operation should be considered in 
these cases as long as the bronchial dischaige is purulent , even after 
this has ceased, a long interval should be allowed for spontaneous 
closure The principle of the operation in these cases is to pack the 
cavity with a pedunculated muscle graft 

Technique of muscle graft plombagc. — An incision is made round 
the opening of the wound and all scar tissue is removed The incision 
IS extended in a conv enicnt direction to give good access to the available 
muscle, and a flap consisting of skin and subcutaneous tissue is raised 
This flap should be of generous proportions, as the amount of muscle 
required to fill the cavity is always more than at first sight appears 
necessary 

A large flap of muscle is then outlined and freed The museks 
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available m different situations are the pectorals the latissimus dor^i 
trapezius and serratus anterior For high cavities the blade of the 
scapula ma> be resected up to the spine of the scapula and the mu cles 
on Its inner and outer surfaces made use of In practice it is not 
necessary to retam the mam ve^els supplying blood to the muscle 
as the muscle does not perish if a sufficient area of attachment to the 
chest wall is left 

An> epithelium which has grown over the wall of the cavitv is 
destrov ed b> a diathermic button cauterj and the muscle flap pushed 
firmly mto the cavnty It is essential that it ‘hould completeU fill 
the cavity so that no clunks are left to fill with secretions The flap 
15, then firmly sutured in place with cliromic catgut interrupted sutures 
These should be passed through the surface of the flap at some distance 
from the edge so that when all ire tied the muscle is held firmU picked 
mto the cavitv The skin wound is then sutured with a small super 
ficial dram for a few day s Failure is due to taking too small i muscle 
flap and to suturmg it too loosely 

Major Intercostal Tjioracotomv 

This operation is employ ed when it is desired to make a large opening 
into the thoracic cavitv for diagnostic or therapeutic purposes The 
technique wiU be described first and then the various conditions for 
which the operation maj be employed 

AniEsthesia —The idea that it is dangerous to open tlie hcmithoraN 
without positive intrabronchial pressure m the absence of pleural 
adhesions or thickening of the mediastmum is incorrect Two alter 
nativ e forms of anxstliesia may be employ ed 

(1) Inhalation amesthesia using cvclopropanc or nitrous o\ide com 
bmed with oxvgen The former has the advantage that at least 85 
per cent of the muxture is oxygen whereas 16 to 20 per cent the 
maximum proportion of oxygen which can be used vvith nitrous ovule 
cyclopropane however is mflammablc and therefore precludes the 
use of diathermy after the chest is open In either case administration 
should be through an intratracheal tube which allows the mtcrmittent 
aspiration of secretions which may gravitate info the trachea 

S/nnal amcsthcsia This has been advocated bv some on the 
grounds that the cough reflex maintained and permits the expcc 
toration of infected secretion which ma\ be expres'^ed from the lung 
dunng the operation Such cough as occurs is not very eflectivc m 
expectoration and causes mtrathoracic movement which is disturbing 
to both patient and surgeon 

Technique — ^The patient lies on his good side with the upper arm 
pulled upwards and forwards A pillow under the thorax helps to 
separate the upj>ermost nbs and increase the exposure when the chest 
IS open Tlie table should be placed in slight Trendelenburg position 
so that secretions gravatate towards the mouth As^ tlie 
usuallv on extensive one it is vvis*. to m«ert a cannu’’ “ ' 
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saphenous \cin and begin saline infusion before starting Blood ma\ 
then be substituted for the salme at anj time dunng the operation 
this IS of great ^aIuc in maintainmg the general condition dunng a 
prolonged procedure The approach is through an intercostal space, 
and for the upper lobe and supenor mediastinum the 4th space is 
the best, and for a lo\s er lobe the 7th (Fig 182} The incision runs 
from the costal cartilages m front, along the line of the desired mter- 
space to within an inch of the spinous process of the vertebra, and 



Fig t82 — Details of long intercostal incision for major thoracotomy 

the superficial muscles are divided in the line of incision It is not 
until these have been divided that the scapula con be displaced sufTi- 
cientl> upwards and forwards to expose the 4th interspace The 
outer margin of the erector spina* is incised and the muscle freed back 
to the transverse processes, articulating with tlie ribs above and below 
the selected interspace Witli the muscle retracted backwards a one 
inch segment of each of the«e nbs is subperiostealK resected imme- 
diately lateml to the corresponding transverse process TJic intercostal 
tiNSues are then incised for the entire length of the incision down to 
the parietal pleura If a pneumothorax has been induced beforehand, 
this may rapidly be incistd over the same di-tanre In the absence 
of a pneumothorax care should lie taken not to injure the underJvmg 
lung, particularly when adhcMon- between the two jilcural layers art 
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present The intercostal \es<;eL and nerve associated with the nb 
above and below the interspace incised are ligated and divided at 
their postenor ends in the position where a segment of each nb has been 
remo\ ed 

Two hands are now inserted into the chest cavity, and steadily but 
firml} pulled apart until there is an opening from 4 to 5 mches wide 
A suitable nb retractor or spreader is inserted to maintain the opening, 
the margins of the mtercostal wound being protected with gauze 
soaked in flavine solution so as to avoid wound infection 

At the eitd of the operation, havong removed the retractor, pencostal 
sutures are inserted, 3 J inches apart, for the entire length of the later- 
costal mcision The most postenor of these sutures passes through the 
lateral margm of the erector spuiie, then round the two ribs and through 
the erector spmae again , this is most helpful in closing the postenor 
end of the wound as it pulls the muscle over the divided end> of the 



Fig 183 — Rib approximator bolding the ribs together, and two pencostal 
sutures [Brtltsk Journa! of Sutitry) 

nbs For holdmg the nbs together while the sutures are tied, hook 
retractors, or the author s nb approximator (Fig 183), are passed 
round the nbs above and below the mcision, and drawn together bv 
an assistant The incision in the overljing muscles is repaired with 
catgut and the skin with a continuous unabsorbable suture 

Indications for major thoracotomy. — (1) Lobectomy or pneumonec- 
tomy, either for suppurative di««ase or neoplasm of the lung 
alternative approach for removal of the lung for neoplasm is discussed 
under “ Pneumonectomy ”) 

(2) ilediastmal tumours, especially those lying postenorly This 
mcludes neurogemc tumours which are almost ^ways found in tlie 
postenor mediastinum or m the postenor part of the supenor medi^ 
tmum to one side of the tmdiine They project into the pleural cavity 
but are not adherent to the lung Through this approach they' can 
easily be removed, butastheyhepostenorJy it is usually sufficient if the 
intercostal incision is earned as far forward as the antenor axillary line 

(3) Extensive war mjunes of the chest, expecially those caused bv 
high explosive The margins of the wound are excised down to the 
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pleura Foreign bodies from the lung and pleura are remo\cd. badl> 
damaged tissue is resected, and the lung repaired as far as possible 
with catgut sutures 

(4) Operations for the repair of diaphragmatic hernia (except those 
occurring through the cesophageal hiatus into the posterior medias 
tmum which are better treated through an abdominal incision) The 
best approach is through the 8th interspace 

(5) For transpleural approach to the asophagus 

Lobectomv 

The operation here described is the one-stage procedure introduced 
by Shenstone and Janes of Toronto It has been shown to have a 
lower mortality rate than other methods It is obviously ideal for a 
chronic disease process confined to one lobe The majorit}' of operations 
are performed for bronchiectasis The best results arc naturally to 
be expected when the disease is strictly confined to one lobe however, 
bronchiectasis often includes the middle lobe when the right lower 
lobe IS affected , likewise, on the left, the lingula process of the upper 
lobe may be diseased in addition to the low er lobe In such cases, the 
additional area involved should be removed as well as the lower lobe 
Bilateral cases are rarely suitable for surgery, but a few successful 
removals of both lower lobes have been reported Occasionally, when 
gross bronchiectasis in one lobe rs combined wnth a small amount of 
disease on the opposite side, it is justifiable to remove the severely 
affected lobe as a palliative operation 

Bronchial carcinoma, of the peripheral type with no X-ra> or bron- 
clioscopic evidence of mediastinal inv'oh’ement, is an indication for 
lobectomy, but primary tumours of this t>pe are unfortunately rare 
A chronic lung abscess or multiple abscesses confined to one lobe are 
best treated by this operation 

Pre-operathe preparation, — Pre operative examination of patients 
with bronchiectasis is most important It sliould include broncho- 
scopy, to exclude a foreign body or neoplasm as the underlying cause 
It IS essential to obtain bronchograms of each lung with complete 
filling of all the bronchi so that the disease may be accurately locahrecl 
The bronchi of one lung should be outlined with iodized oil and postcro- 
antenor and lateral radiograms taken after one week or more the 
opposite lung is examined By using tins method the bronchial trees 
of the tw o sides do not become superimposed in the lateral view 

The amount of sputum should be reduced to a minimum before 
operating This is usualU best done bv continued postural drainage,* 
which may be enhanced by bronchoscopic aspiration m patients with 
a verj' Jai^e quantit}’ of sputum 

Phrenic paralysis — If diaphragmatic movements interfere with the 
division of adhesions the diaphragm ma> lie tcmporarilj paralysed 
by injecting the phrenic nerve with novocain close to its lower end 
liie nerve should not be divided or crushed, as the diaphragm must 

» Seboo il JZ/rf yww »/ “jI 
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be working if the remaining lobe is to return to its full and increased 
function 

Artificial pneumothorax — ^The idea that a preliminary pneumo- 
thorax adjusts the patient for an open thoracotomj is a theoretical 
rather than a practical consideration Preliminary pneumothorax is 
unnecessary and should not be induced more than 48 hours before 
operation because if of longer duration expansion of the remaining 
lobe «o as to fill the hemithorax may be delayed The chief ralue u. 
that It aids expulsion of secretions from the diseased lung before 
operation 

Techmque — The anresthesia and technique for opening the thorax 
ha\e already been de^nbed under major intercostal thoracotomy 
(See p 328 ) For the low er lobectomy the 7th mtercostal space is used 

Division of pleural adhesions — The extent and tvpe of pleural 
adhesions m cases of bronchiectasis vary greatly Rarely there are 
none at all Sometimes there are a few strands which are readflv 
divided without producing hjemorrhage More commonly there are 
profuse adhesions w hich may be filmy arascular and readily separated 
or may be tough and vascular requiring dmsion by sharp dissection 
and ligature to control the bleeding the latter tvpe are most commonh 
met over the diaphragmatic surface of a lower lobe In the most 
difficult cases the two pleural layers ^over the diseased lobe may show 
almost complete symphysis in such cases it is sometimes easiest to 
separate the panetal pleura from the chest wall by blunt dissection 
All adhesions surrounding the diseased lobe must of course be 
separated This includes adhesions m the interlobar fissure which 
may be so unrecognizable that division of lung substance with the 
diathermic needle or beUi een clamps is the only method of separating 
the lobes If adhesions are present ov er the remaining healthy part 
of the lung these should not be divided as they help to limit the extent 
of any postoperative empyema (which inevitable v\ hen the lobectomy 
is done for suppurative disease) Surprisingly it has been found by 
experience that such adhesions do not hinder expansion of theremaming 
lung tissue necessary to fill the hemithorax Those uncommon cases 
m which the upper lobe is removed so that the lower lobe has to fill 
♦baA. oi tboxa/un. f/irm. a. exmyjtma. tn this state- 

ment as adhesions ov er the remaining lung tissue are certain to prev ent 
the expansion necessary to fill the apical part of the pleural cavity 
Even when divided sufficient expansion to fill this part of the chi^t 
mav not occur and a later upper thoracoplastv sometimes required 

In lower lobectomy when all adhesions over the lobe have been 
separated the pulmonary hgaraent is divided betv\een clamps up a* 
far as the mfenor pulmonary vein the tissue m the clamps on the 
mediastinal side should be ligated A pedicle will now be produced 
round w hich the operator s finger and thumb should be able to mwt 
Care should be taken not to draw up the diaphragm and cut 
dividmg basal adhesions WTien workmg in front of the vertebra 
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bodies the extreme proximity of the opposite pleura m this position 
must be remembered , and m this n^ion the ccsophagus on the left 
and inferior vena cava on the right must be noted and most carefully 
aioided 

If any bleeding vessel on the pericardium is picked up w ith pressure 
forceps it should alw ays be ligated, as the piece of tissue crushed by 
the forceps may slough and J«id to a pleuro*pencardiaI fistula and 
death from pericardit s If an opening is made into the pencardium 



Fjg 184 — I sbectomy Shows the long intercostal incision with the 
ribs spread and the two tourniquets in position before ampu 
tation of the left lower lobe {Orxtish Jmrnat of SurgtTy] 

during the process^of separation of adhesions, it should bt carefully 
closed with a \er> fine suture 

Application of toumKjuets and the remoraJ of the lobe — The loop 
of a tourniquet* is slipped over the diseased lobe and kept as high up 
the pedicle as possible while the cord is wound m and tightened A 
second tourniquet ma) be tightened up round the lung in distal to 
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the first in order to prevent escape of pus and blood from the diseased 
lobe, but the necessity for this may be avoided if material u hich escapes 
from the lobe durmg section of the pedicle is aspirated The cord is 
held m place by the surgeon while the assistant tightens up the tour- 
niquet (Fig 184} The pleural cavity IS packed off with four or five 
large gauze packs soaked m flavine solution (1 m 1,000) The pedicle 
IS then divided with curv'ed sassors | in distal to the tourniquet 
(the proximal tourniquet if two are emplo>ed) , in children, more than 



Fig 185 — Lobectomy The pedicle immediately alter remoTal 
ol the lower lohe tBrifish Jmirnat 0} Surgerv'f 

one inch should be left distal to the tourniquet as the tissues retract 
more than m the adult \^Tule dividing this, the surgeon must con- 
stantly note his relation to the tourniquet, and the assistant will find 
that he can tighten up the cord two or three more points on the ratchet 
As the section proceeds the assistant should appl} long clamps to the 
proximal ends of the large vessels and bronchi so that thej cannot 
retract through the tourniquet Any pus that escape:, must be removed 
bj suction or carefull) mopped up with small sw abs on holders \uien 
the lobe has been removed the pe^cle swabbed v' ith 1 in-j ,000 flav me 
solution and then the gauze packs are remov ed (Pig IS") 
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Closure of the pedicle — n>c cut end of the peJicIe projects for about 
I m beyond the proximal tourniquet and presents a central white area 
consisting of blood \essels and bronchi and a small mai^m of gre> 
lung tissue Tlie pedicle is sutured with No 4 40 day chromicized 
catgut on a round-bodied half-arcle needle This suture is continuous 
and passes through all the tissue in the pedicle , a second exactly 
similar suture is inserted, this being tied in addition to each end of the 
first suture These sutures occlude the bronchi and vessels and draw 
them together (Fig 186 ) The tourniquet is now relaxed a little 
and, if there is no hiemorrhage, is completely removed There may. 



Fjg »86 — Lobectomy The two layers of continuous sutures 
through the pedicle 

how ever, be one or tw o points on the pedicle w Inch bleed and require 
to be picked up w ilh forceps and sutured or ligated, but usuaffy no 
bleeding of consequence occurs 

Before removing the retractor, the pleural cavity must be carefull) 
inspected for any oozing v cssel^, the most frequent sites being on the 
diaphragm and m the region of the pulmonary ligament Tliosc on the 
diaphragm arc best controlled by sutures and not by simple ligature 
The diathermic current is of great assistance in coagulating areas on 
the chest-wall which arc difficult to tie 
Drainage — ^Tlic skin and extracostal muscles arc retracted, the 
lateral surface of the ninth nb exposed m the scapular lino and an inch 
of the nb exci«ed by the ordinary' subpenosteal resection A stab 
incision IS made through the skin and extracostal muscles into the 
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cliest incl a drattngc tube is driun from outwards Tlie mtra 

thoracic portion of this tube has sexeral side openings is about *1 in 
long and projects touards the stump it should not be sufTirienth 
long to come into contact with the mediastinum Some surgeons 
advocate an ordinary stab incision uithout resection of a piece of nb 
but it has been found that if the tube is laige enough for drainage it 
causes pain from pressure on the intercostal nerve and maj become 
obstructed Tlie chest is non closed os described under major inter 
costal thoracotom} (p 330) 

Right Middle Lobcctomv 

MTien this is to be combined uith removnl of the right lower lobe 
one of two methods maj be employed If the oblKjue fissure l^ casilj 
defined and the middle and lower lobcs easil} separable the most 
satisfactorj procedure is to remove the lower lobe first and then remove 
the middle lobe m an exacllj similar manner Wliere the oblique 
fissure IS obliterated bj dense adhesions the lower and middle lobe? 
ma> be included in a single tourniquet and removed together This 
method is not quite so satisfactorv as the pedicle i» rather large 

If the middle lobe onlv is to be removed the technique alreadj 
described is used but care should be taken that the pedicle ts lor^ 
enough to avoid kinking or m)ur> with resulting cedema of the lower 
lobe bronchus Such damage has been found to cause difTicuItv m 
expectoration of secretions from the lower lobe and sometimes atelec 
tasis with subsequent bronchiectasis 

Removal of the lingula of the left upper lobe— Tins in usuallv 
combined with removal of the lower lobe the lobcctomv should lx 
completed first Tlic Ungula is then (reed from all adhesions and 
except for its broncho vascular trunk at the hilum separate 1 from 
the rest of the upper lobe bj division between clamps or with the 
diathermic current This leaves a small pedicle near the hilum whicli 
maj be divided between large curved clamps thus completing removal 
A simple transfixion ligature using \o t 40-daj chromiciz».d catgut 
IS usually sufticicnt to occlude the bronchus and vessels m the stump 
\Vlien separation from the rest of the upper lobe has been performed 
between clamps the clamps on the upper lobe should be removed after 
suturing the div idcd lung substance It is unnecessarv and madv isah’e 
to attempt to bur> these sutures bv a second row as Lx tlone in mlest ina! 
suigerj 

Postoperative treatment — The drainage tube should be conn'xtnl 
b> a piece of rubber tubing to a glass tul>e passing under water m a 
bottle as in empjema drainage the* should bt done before tlic patient 
leaves the operating theatre so that the air m the pleuril cavil> mav 
be expelled at the earliest possible time and the remaining lolx. e ncoar 
aged to fill the hemithonx bv increased expansion Tlus under water 
drainage is continued for about three weeks the divdiarge Ixmg at 
first sero-hxmorrlngic fluid and later pus at tlie end of this 
the tul>e Is cut flush with the chest wall and allowed to dnvn into the 
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dressings The size and length of the tube are subsequently controlled 
exactly as in any case of empyema drainage 

IS useful in avoiding subovjgcnation dunng the immediate 
postoperative period , it is not neccssarv but helps to keep the 
patient's general condition as good as possible The patient should 
be encouraged to expectorate all sputum in order to avoid any 
retention of sputum, it is advisable to change the position in bed 
every tvo hours If the sputum is very sticky, ammonium chloride, 
grs X in capsules given four hourly, miU loosen it Steam inhalations 
from water containing tinct benzoin co (1 drachm to the pint) maj 
be used to attain the same object 

Postoperatiie complications. — (3) Reaclionary h<Bmorrkagc — Severe 
hemorrhage occurs into the pleural cavity and escapes from the 
drainage tube after return to the ward Such cases are now very rare 
Treatment consists in immediate blood transfusion If the haemorrhage 
continues, it is necessary to take the patient back into the theatre, 
open up the wound and find and secure the source of the bleeding 
(2) Secoixdary heBtnorrhage — This fortunately is also rare in spite of 
the fact that large vessels are ligated m the presence of infection If 
severe but not immediately fatal the patient should be transfused , 
if the h<emorrhage continues, the wound must be re-opened and the 
source either controlled by ligature or the localized empyema cavity 
surrounding the stump packed firmly with dry gauze 

(8) Empyema — A localized basal empyema extending to the stump 
and dramed by the tube is almost invariable when the lobectomy has 
been done for suppurative disease, and it is not considered a com- 
plication ^\^en the pleural space becomes loculated, owing to incom- 
plete expansion of the remaining lobe {ude tnfra), fluid may collect 
which cannot escape from the drainage tube After lower lobectomy, 
such collections arc usually found above and anterior to the incom- 
pletely expanded upper lobe The fluid should be aspirated through a 
needle , occasionally it is not infected, m which case any rc-accumula- 
tion should be treated by further aspirations More frequently, 
infection is present and drainage by an intercostal tube is indicated 
(4) BrQucho-cittaneous Jisliila — Most patients develop a broncho- 
pleural fistula which communicates to the exterior through the drainage 
tube during the second or third week, or sometimes liter After the 
first w eek, it causes no disturbance to the patient and, as the bronchial 
opening communicates with the extenor by a long track, it almost 
invariably heals spontaneously as the drainage tube is gradually 
shortened It should not therefore be considered a complication but 
rather a frequent event dunng convalescence 

(6) Delayed or tncomplcte expansion of the remaining lobe or lobes — 
Tins IS one of the most common and unfortunate complications of 
lobectomy Instead of expansion of the upper lobe (and middle lobe 
on the nght side w hen not removed) w ithm a few hours of closure of 
the chest, so as to fill the hemithorax except for the area immediately 
around the stump and drainage tube, there may be cither complete 
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collapse against the lulum or. much more commonlv, ‘sviflicient re- 
cxp-insion to reach the lateral chest-wall, but in'^ufTtcicnt to fill the 
apical part of the pleural ca\ ity Occasionally full expansion occur, 
immediately after operation and partial or complete collapse dc\ clops 
during the first postoperative week. 

Some of these cases are due to obstruction of the bronchus by mucus, 
and patients should therefore be encouraged to expectorate all sputum 
If there is complete absence of aeration of the lobe 21 hours after 
operation, bronchoscopy should be carried out and (he hronclihl 
secretions aspirated Loculations of the pleural cavity due to incom- 
plete expansion of the upper lobe have already been discussed. The 
effect on the lobe itself vanes Sometimes slow but complete re-expan- 
sion of the lobe occurs, leaving no permanent damage. In other cases, 
the delayed expansion results in a bronchiectasis not present before 
operation In the most senous cases suppurative pneumonitis or 
actual abscess formation complicate the collapse. In these tlic remain- 
ing lobe should be removed if the general condition of the patient 
w ill allow 

(G) Infection of the opposite Iting~A mild degree of bronchitis, 
lasting a few dajs, in the opposite lung is quite common. All graf]t‘> 
and types of infection, including suppurative bronchitis, pneumomiiN 
and bronchopneumonia, arc seen occasionally. Lobar atelectasis miy 
complicate such mfcctiv'o processes and should be rccogntred so that 
active measures may be taken to relieve the bronchial ob-itruction 

(7) Wound tnfcclion — Tins is most uncommon UTicn it does 
occur, the infected part should be laid open and packed 

(8) Supptiraine pericarditis — Tills is rare but usually fatal Injutx* 
to the pericardium at the time of operation docs not necessarily ri>uli 
in infection if the wound is sutured Pericarditis may ocair when the 
pericardial sac has not been opened 

(9) Brain abscess — Blood-bomc infection to the brain is a rare but 
invariably fatal sequel 

(10) Suppuralne incdiastinitis. — This is al-o extremely rare after 
lol^tomy, but Ims occasionally caused de.ath after pneumoncctoms 

(11) Late daelopmenl of ptcuro-pulmonary tuherculosis — ^Tliia his 
been noted by most surgeons who haxc completed a large mimlx'r of 
lobectomies It is possible that the application of the toumiqiitt ana 
suture of the pedicle crushes glands containing tubercle InciHi which 
are then set free in the blood stream. 

PsFt MONfCTOMY 

For suppuralhc disease. — Unilateral bronchiectasis whicli invnlu’S 
all the lobes on the affected side can only be cured by remo\al of tf.tf 
whole lung Before such an extensixe operation, it is esseiilul to ^ 
make sure that there is no disease in the opposite lung, by bronctwv 
grams xxhich outline the entire bronchial tree on tlic he.uthy siuc 
The likelihood of the patient witlistanding the operation and i 
immediate sequela? must be carefully considered : in general, ciii.ar. 
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are much better operative risks than adults Tlie risk in adults 
depends more on the duration of the s\’mptoms than on the sc\entj 
of the disease at the time the myocardium of patients who have had 
suppurative bronchiectasis for many y ears is enfeebled b\ toxic changes 
Very occasionally a large lung al^ess which has spread across the 
interlobar fissure and affected both upper and lower lobes mas be an 
indication for pneumonectoms Rarely, unilateral congenital cystic 
disease which has become mfected may warrant total excision of the 
affected lung 

If pneumonectomy is agreed upon (he pre operatise treatment and 
aniesthesia are exactly similar to those for lobectoms 
The exposure is obtained through the 5th or Cth intercostal space 
m the manner described under major intercostal thoracotomy Adhe- 
sions betsseen the visceral and panetal pleura are all separated and 
the pulmonary ligament is divided between clamps, so that the lung 
remams attached to the mediastinum by the hilar stnictures only 
Division of the pedicle is earned out exactly as in lobectomy , except 
that the tourniquet encircles the hilar structures of a whole lung 
instead of those passing to one lobe Care should be taken that the 
proximal tourniquet is not placed too close to the mediastinum, so 
that injury' to the pencardium may be a\oided Suture of the stump, 
dramage and closure of the chest are similar to those m lobectomy 
Some surgeons advocate dividing the operation into two stages if 
there are gross pleural adhesions over all lobes i e , the lower lobe is 
remo\ ed at the first operation and the upper (together with the middle 
on the right side) at a second stage This is rarelv necessary if the 
general condition of the patient is maintained dunng the operation by 
continuous transfusion and has the great disad\antage that extension 
of the suppurative process m the diseased lobe left behind after the 
first stage may result m death 

The complications which may follow lobectomv mav also occur 
after pneumonectomy, except of course, those associated with 
incomplete expansion of the upper lobe 
As the whole lung has been removed a total empy ema follows In 
children and in many adults, this space becomes obliterated spon- 
taneously' by shift of the mediastinum nsc of the diaphragm and 
contraction of the chest-wall In some adults, these compensatory 
mechanisms dimmish the size of the cavity but do not result in complete 
obliteration If this happens, it is necessary to perform a thoracoplasty 
several months after operation so that the chest wall is brought into 
contact with the mediastinum 

For neoplasm. — Bronchial caremoma more commonly affects 
the large than the small bronchi (m a proportion of about *1 1) 
Lobectomv for the pcnpherally situated growths has already been 
mentioned When tfie tumour is situated m a large bronchus but 
more than one inch from the bifurcation of the trachea, remov al of the 
whole lung by separate ligation of each of the stmetures fonning tin. 
pedicle offers the best chance of cure Tins method makes it {)Ossible 
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to divide the main bronchus much closer to the tracheal bifurcation 
than when a tourniquet is. used Division of the pedicle in pneumon 
ectomy for neoplasm is therefore total!} different from that for sup 
purative disease for which the tourniquet technique is perfectU 
adequate ^ 

Pre-operative e\ndence that a growth is moperable may be revealed 
by — 

(I) Palpable metastasesjn the supra clavicularoraviJlar} lymphatic 
glands 

{2) Blood borne metastases m the bones (especially the long bones 
and skull) hver brain or elsewhere 

(3) The radiographic demonstration of widenmg of the mediastinum 
or of a pleural fusion (the latter is not absolute evidence of inoper 
abihty) or of paralysis of the phrenic nerve 

(4) The endoscopic demonstration of paraly sis of the left recurrent 
laryngeal nerve or fixation of the trachea or mam bronchi or widening 
of the canna or extension of the growth to less than one inch from the 
tracheal bifurcation 

In those cases which appear to be operable the chest should be 
explored 

In addition to bronchial carcmoma some cases of bronchial adenoma 
may be treated by total pneumonectomy the technique is similar to 
that for carcmoma in most cases as these non mvasiv e tumours usually 
arise from one of the laige bronchi 

The best exposure is usually obtamed by a postero lateral mcision 
through the 6th mtercostal space bv the method described under 
major intercostal thoracotomy An alternative approach through 
the antenor chest wall with the patient lying on his back may be used 
when a pre-operative artificial pneumothorax has shown that there art 
no or few adhesions over the lower lobe it gives ready access for the 
separation of adhesions over the upper lobe and possibly causes less 
mterference with respiration dunng the operation but air tight 
closure of the pleural cavity is almost impossible and costal cartilage 
necrosis may complicate convalescence 

The antenor approach — With the patient ly mg on his back and 
the arm on the affected side abducted a curved incision convex 
downwards is made from the angle of Ludwg m the mid Ime to just 
behind the raid axillary Ime the lowest part of the curve is in the 
mid-clavicular Ime where it reaches the level of the -Ith interspace 
The incision extends down to the nbs and mtercostal structures ^ 
division of the jjectoral muscles m addition to the skm and sub^ 
cutaneous tissues The Srd mtercostal space is exposed by sepanting 
the pectoral fibres from their ongm and rusing a flap which is 
upwards The pleural cavity is opened by m incision through tna 
part of the 3rd interspace exposed le from the lateral border 
of the sternum to the mid axiUarv line The internal mammao 
vessels must be doubly bgated before extending the incision as la 
as the sternum The Srd and usutUv 4th costal cartilages arc div rdiu 



PNEUMONECTOMY FOR NEOPLASM 341 

\nth a knife close to the sternum A Tuffier nb retractor is inserted 
at each end of the intercostal incision and the nbs separated as much 
as possible with these If the exposure is inadequate the 2nd costal 
cartilage ma> be cut and if necessarj the 3rd or 4th nbs dmdcd at 
the literal end of the jnctsion 

Closure of the anterior incision — ^Interrupted pencostal sutures are 
used to draw the nbs together The divided costal cartilages mi) be 
approximated b) sutures passing through their substance if the cut 
surfaces are not sufficient!) adjacent after insertion of the pencostal 
sutures but cartilage necrosis is probably thcreb) encouraged This 
closure is rarel) air tight The musculo cutaneous flap is sewn down 
over it by interrupted citgut sutures m the pectoral muscles and i 
continuous unabsorbable suture m the skin A dressing should be 
firmly fixed m position with adhesive strapping in order to prevent 
air being forced into the interstitial tissues and paradoxicil mov ement 
of the chest wall 

Removal of the lung by individual ligation — Whatever approach 
is cmpIo)ed the feasibility of total ablation of the growth b) surger) 
must be decided as soon as possible after opening the chest Adhesions 
ma\ have to be divaded before an\ decision can be made If the 
growth has invaded an) irremovable structure or if tJicre is extension 
into the mediastinal glands the chest should be closed at once without 
drainage an) excess postoperative effusion is treated b) aspiration 

If no evidence of extension beyond the limits of surgical excision is 
found adhesions between the visceral and parietal pleura are separated 
and the pulmonar) ligament is divided between clamps as described 
under pneumonectom) for suppurative disease An incision is then 
made in the mediastmal pleura close to the lung root By careful 
blunt dissection the two pulmoiniy veins and the homolateral branch 
of the pulmonar) artery are isolated from the other structures m the 
pedicle The artery is first doubi) ligated as proximal as possible 
with strong catgut A pair of large curved forceps arc then placed 
on the distal end b) pressmg them into the lung a good length of 
the vessel is left bc)ond the ligatures when the vessel is divided close 
to the forceps The two veins are similarl) treated Tlus leaves the 
lung attached by the main bronchus with the bronchial arterial suppl) 
lying on its postenor surface The small artenal branches are 
separated from the bronchial wall clamped divided and ligated 
The mcdn«tinal tissues are separated from the bronchial wall b) blunt 
dissection almost to the traclieal bifurcation A clamp is now placed 
on the bronchus which is divided on the distal side of the clamp 
thus completing the separation of tlic lung Interrupted si/A mattress 
sutures are inserted through the bronchus at the same level thus 
compressing it from before backwaitb like the fish tail on an 
exhaust pipe The clamp is removed and tlie divided end of the 
bronchus is most careful!) sutured with a continuous silk suture 
Tmall) the opening in the mediastinal pleura is drawn over the 
divided pedicle so that the bronchial stump is buned 



342 


THORACIC SURGERY 


Closure of the cheat has already been descnbed Cnless there has 
been gross contamination of the pleuraJ cavity no drainage is 
emplojed Before returning the patient to the \\ard a needle con 
nected to a pneumothorax apparatcs should be inserted and air 
iMthdraun until the pressures read about —6 —10 cm of water 

Posfoperatne care and compLcations — ^These cases differ from 
lobectomy and pneumonectom> for suppurati\e disease in that no 
drainage is emplo\ed so that the hemithorax fills with blood stained 
serum fibnn is formed and later organizes so that the ultimate 
outcome is a hemithorax containing a mesh work of fibrous ti^ue 
with fluid m the meshes and much reduced m size bj shift of the 
mediastinum nse of the diaphragm and contraction of the chest wall 
Obiiouslj this requires pnmar> and permanent healing of the divided 
bronchus If a broncho-pleural fistula develops the patient is likeli 
to aspirate a large amount of pleural fluid into the opposite bronchial 
tree and if he sun iv es mfection of the pleural space i* almost certain 
to follow Those m immediate attendance should be warned of this 
catastrophe and instructed to turn the patient immedntel) on to 
the side operated on if it occurs A trocar and cannula for insertion 
of an intercostal tube should be kept stenie at the patient s bedside 
so that dramage ma} be instituted at once 

Mediastixotom^ 

Extrapleural exposure of the mediastinum is very rarel) practised 
since it has been realized that a transpleural approach gives much 
better access to tumours of the mediastinum and to the cesophagus 
without mcreasmg the operative nsk. The indications are — 

(1) Tor the dramage of a mediastinal abscess 

(2) To permit the escape of air m a case of mediastmal emphj'^ma. 

(3) For remov al of a retro sternal goitre 


(1) POSTERIOR MEDUST1XOTOM1 

Suppuration occurs most frequently in the postenor mediastinum 
and if a localized abscess forms extrapleural dramage is indicated 
Before operation the exact position of the abscess relative to the 
postenor ends of the nbs must be determined bj antero postenor and 
lateral radiograms 


Technique ■itiessthesia — It is an advantage to have the patient 
breathmg shallow U m order to decrease the chance of teanng the 
pleura This is best obtained with cydopropane and owgen 
administered through an endotracheal tube 

A slightlj curved mcision is made with the concavit) duected 
laterallv running down the lateral border of the sacrospm^is muscl'> 
The o\ erinng extracostal muscles are dmded in the Ime of the 
The removal of the postenor segments of three ribs is usuallv suthcieni 
to provide adequate drainage In an adult about 8 m of each n 
together with the tips of the corresponding transverve 
rented To do this the sacro^pmalis muscle is retracted medi \ 
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but not divided The jienosteum m the ineduil part of one rib bed 
IS incised so as to open the endothoracic space w itbout opening the 
pJeural cavity, by gentle blunt dissection the pleura is separated 
from the intercostal bundles and penosteum opposite the tips of the 
partially-resected transverse processes Tlie intercostal bundles are 
ligated and divided With extreme care the parietal pleura is stripped 
from the medial ends of the nbs and vertebral bodies u ith the finger 
This separation may be extended upwards and downwards deep to 
the intact nbs in order to increase the exposure If the pleura is tom, 
it should be carefully sutured and the wound packed the actual 
drainage of the abscess should then be delayed for four or five days 
until the opening has become sealed off When the abscess is reached, 
it should be opened up widely, the pus evacuated and the cavity 
packed with dry gauze, the edges of the w ound being protected w ith 
vaseline gauze ^e cavity is allowed to heal from the bottom as in 
a lung abscess 

(2) MEDIASTINOTOMY TO PERMIT THE ESCAPE OF AIR FROM 
THE MEDIASTINUM 

In mediastinal emphysema a sweDing may’ be found in the supra- 
sternal notch, due to air which has extended upwards This condition 
IS sometimes fatal from the pressure 
of the air on the veins in the medias- 
tinum It may be successfully 
treated by a transverse incision at 
the suprasternal notch, the superior 
mediastinum is then entered with 
the finger in the same plane as the 
superior vena cava, when the air 
w ill escape from the w ound and can 
be assisted by using a cupping glass 
connected to a suction pump 
(8) ANTERIOR MEDIASTINOTOMY B\ 

A STERNUM-SPLITTING OPERATION 
Retrosternal goitres, for which 
this operation may occasionally be 
required, can usually be delivered 
through the ordinary collar incision m the neck except when they ex- 
tend down below' the level of the 2nd costal cartilage When it has 
been found impossible to deliver a goitre through the incision in the 
neck, a vertical incision is added running downwards along the micl- 
hne to expose the sternum (Fig 187 ) A hole is drilled m the mid-hne 
on a level with the 2nd or 8rd intercostal space according to the sire 
of the intrathoracic goitre with a Doyens brace, and enlarged to 
about 16 mm with a burr 

The sternum is now divided transversely by cutting through the 
bone on either side of the ho'c with bont forceps, an 1 longitu Imally 
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w the mad «2th a saxt and then with sternum cutting forceps 

(big 288 ) The tw o sides are forcibl}' retracted for about 4 in It 
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may be necessary' to incise the intercostal space 
on each side at the lev el of the transv erse bone 
division, m which case the intern'll mammary' 
vessels should be sought for and ligated At 
the end of the operation, the split sternum 
can be mamtained in approximation \\ ith cat- 
gut sutures through the external penosteum 
but, if a wide gap persists, each side should 
be drilled and wired together, or sutures of 
Iso 4 chromic catgut can be passed nght 
round the sternum 

As soon as it is ascertained that a retro- 
sternal goitre cannot be delivered through a collar 
incision m the neck, before proceeding to split 
the sternum, the anesthetist should insert an 
endotracheal tube through which the anesthetic 
IS administered, if one is not already m place, as 
this allows the use of positive pressure m those 
cases in which both pleural cavities are acadent- 
ally opened, even if there is laryngeal spasm 


Removal of Tumours of the Mediastisum 

Apart from retrosternal goitres, tumours of the mediastinum are 
best removed by a transpleural route Those m the postenor medJas. 
tinum are best exposed through a postero-lateral incision as described 
under major intercostal thoracotomy Those in the antenor medias- 
tinum or anterior part of the superior mediastinum are most commonly 
teratomas and usually project more into one pleural cavnty than the 
other \Mien they are v ery large and the contents fluid, the fluid may 
be aspirated to reduce the size of the tumour but every effort should 
be made to remov e it in one stage 

Exposure for a teratoma is obtamed either by' the antenor approach 
described for some cases of pneumonectomy or by the method desenbed 
under major intercostal thoracotomy 

The danger of opening both pleural cavities is present, as with 
intrathoracic goitres anaesthesia should therefore be given through 
an endotracheal tube The tumour is carefully separated from the 
surrounding mediastinal structures, chiefly by blunt dissection 
Usually the blood supply enters over a localized area ; the blood- 
vessels at this point should be clamped, dmded and ligated As 
the mediastinum is generally fairly mobile, any extension to the 
opposite side of the mid-lme may be exposed by traction on the tumotu 
When an uninfected tumour of the mediastinum is removed, tn 
subsequent sero hjemorrhagic pleural exudate may eitlier ^ 
to dram into a water-seal bottle through an intei coital tube insert 
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at the time of operation, or be treated by aspiration If a tube is used, 
it may be taken out after a few days It is not necessary to dram by 
nb resection as in lobectomy 

11. OPERATIONS FOR REDUCING THE SIZE OF THE 
THORACIC GAGE, i.e., SURGICAL COLLAPSE THERAPY 

Phrenic Nerve iNTERROpriov 

The hemidiaphragm may be paraljsed tcmporanl> (for a period 
varying from four to nine months) bv crushmg the phrenic ner\e and 
any accessory’ branches m the neck, or permanentl)' bj evoking 
the nerve 

A case should be very fully considered before proceeding to evuke 
the nerve, as atelectasis of the lower lobe is much more frequent after 
an upper thoracoplasty when the hemidiaphragm is paralysed than 
when It IS contracting In addition, if some form of surgical apical 
collapse becomes necessary later, it is most desirable that the maximum 
function of the healthy lung tissue m the lower lobe should be 
preserved If good progress is made as a result of hemidiaphragmatic 
paraljsis due to crushing the phrenic nerve, the paralysis can always 
be maintained by repeating the crush or by evulsmg at a second 
operation, whereas diaphragmatic action can never be restored w’hcn 
the ne^ve has been evulsed 

Indications. (1) In pulmonary luberculosts — ^The principal use of 
this operation is in the treatment of pulmonary tuberculosis, as the 
rest and relaxation obtained assist m healing Its value is open to 
very great diJYerence of opinion some phthisiologists look upon it as 
most valuable in a very large number of cases, whereas others consider 
it almost useless Its re^ value probably lies between these two 
e\tremes 

The indications for its use arc — 

(fl) When a pneumothorax cannot be induced on account of 
adhesions in cases with a cavity' less than 2 cm in diameter and 
without a thick wall Temporary’ paralysis, which may be repeated, 
IS preferable to evulsion 

(6) In hiemoptysis uncontrolled by palliative methods, temporary' 
phrenic paralysis may stop the bleeding It is usual to attempt to 
induce an artificial pneumothorax first, although some authontics 
believe that phrenic paralysis is more cfTective 

(c) In conjunction with an artificial pneumothorax under the 
following circumstances — (i) ^^'hc^ adhesions to the diaphragm are 
preventmg satisfactory collapse and especiallv when the lung is also 
adliercnt at the apex (u) Before allowing rc-e\pansion of a pre- 
viously grossly diseased lung the phrenic nerve should be evnilscd «;o 
that the healed lung, which is of reduced sire, ma\ be able to fill tlie 
hemithorax without undue tension on the scar tissue (iii) Possibly, 
phrenic paralysis should be combmed with all cases of pneumothorax 
treatment, as statistics ha\ c been produced to «how tint the fi\ c-\ car 
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survival rate after a pneumothorax is much higher when this is done. 
In addition the length of time that a pneumothorax must be mam 
tamed maj be reduced and the interval between refills prolonged 
{d) Occasionall> when a patient is unfit for a thoracoplast\ , the 
added rest resultmg from a phremc crush maj produce <Jufficient 
improvement to allow the operation Preferabl} the diaphragm 
should be workmg agam before operation 

(e) In conjunction with intercostal neurectomj to obtain the 
maximum rest of the diseased lung 

(2) In dtaphragmaltc hernia — In hemi* through the cesophage’al 
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should be temporarj until it has been proved tint tlic adhesions arc 
really the source of the parn 

(G) Temporarv diaphragmatic parah sis has been cmp]o\ cd for c'lses 
of sci-cre perststmg hiccough 

(7) As a preliminary to some operations on the lower end of the 
cesophagus, such as resection of a neoplasm 

Anatomy. — Tlie phrenic nerve anses from the third fourth and 
fifth cervical nerves but the contribution from the fifth root may 
come off lower down m the neck as a branch from the nerve to the 
subclavms (Fig 189) This is called the accessorv phrenic and 
sometimes contains almost as man) fibres as the mam nerve which 
accounts for the considerable variation in size of the nerve it mav 
join the rest of the fibres m the neck but mav not do so until reaching 
the superior mediastinum Sometimes the mam branch mav be 
found as two separate nerves running down parallel on the scalenus 
anticus The exact position of the nerve also vanes considerabli , 
it may run down the lateral border of the muscle and then cross 
medially at the root of the neck, but more often it crosses high up 
m the neck to thc/nedial border and runs down it 

In 20 per cent of cases paralysis is not obtained by simply cutting 
out a portion of the phrenic nerve Therefore the operation of 
evulsion was devised by Felix of Berlin in order to pull out anv 
accessory branches at the same time, but the same effect may be 
obtained if a portion of the main nerve is removed together with the 
accessories 

Technique tor Perviasent Paralvsis of the Divehracm 

The patient lies on the back on a flat operating-table, the face 
turned to the opposite side and the assistant standing at the head 
of the table with the surgeon on the side to be operated on A 
small sandbag should be placed under the upper part of the scapuU 
Tlus allows the neck to fall backwards and bnngs the scalenus anticus 
muscle forwards, materially assisting the exposure of the nerve The 
skin over the area to be incised is infiltrated with 1 per cent novocain 
and a few c c are also injected under the deep fa<5cia A horizontal 
incision, one inch long, is made one inch abov e the Jev el of the d iv’jcle 
The platy sma and deep fascia are not divided m the lint of the incision, 
but the muscle is split vertically m the line of its fibres by a pirr of 
fine pointed artery forceps This prevents not only bleeding but also 
subsequent widening of the scar from adhesion between the muscle 
and skin wounds The scalenus anticus muscle can then be felt 
again with the finger as a firm band of muscle deep to the lateral 
border of the stemomasloid Tlirec small retractors are used, one 
m each angle of the wound and one above Tlic surgeon holds the 
outer retractor on the right side and tlie inner one on the left, and 
the assistant the other two By blunt dissection with a pair of 
artery forceps, the scalenus anticus should be casih exposed The 
transverse cervical vessels and omohyoid mu«cle. if seen, should be 
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retracted do^^'n^^'ards. If. however, the surgeon sees the brachial 
^exus, he IS too Jateral ; if he sees the jugular vein he is too media! 
Ihe phrenic nerve is found lying on the anterior surface of the scalenus 
anricus underneath the pre\-ertebral fascia, to whicli it is frequently 
adherent, or on the medial border of this muscle. {Fig. 190.) With 
a small hook the nery-e is lifted up and injected unth 1 per cent, novo- 
cam. It IS then clamped with a pair of forceps below the injected 
^ea, divided, and by steady traction and rotation of the forceps 
(i.e., wnding the nerve on the forceps) it can be evnilsed. The 
evulsion is the only manceuvre that causes pain. If less than 10 cm. 
are evulsed the paralysis may not be permanent, as the accessory 



Tig. tgo , — Phrenic Enibion. (a) The phrenic nerre has been injected withnoeceaint 
IS gripped by the erulsion iorceps, and is about to be divided. The three retractors art 
shown in place, (b) Winding up the phrenic nerve on the forceps prevents the nerve 
sfippuig. 

fibres may take over the full control of the diaphragrn. If. on 
attempted evulsion, considerable resistance is encountered, it is wisest 
to resect as much of the nerve as possible and ‘ then remove the 
accessory fibres, rather than to continue pulling on the nerve until 
it breaks To find the accessory' nerves the dissection should be 
continued dorvnwards laterally (through the same skin incision), so as 
to expose the brachial plexus, which runs dowaiw’ards and outwards 
from the lateral border of the scalenus anticus. From the upper 
trunk arises the neive to the subclavius which incorporates the 
accessory^ phrenic fibres, w’hen these arc present ; it can be seen running 
downwards and inwards to the root of the neck, and should be resected 
for 2-3 cm. The incision is clr^ed by one No. 00 plain catgut suture 
for the platysma, the needle being passed from within outwards 
through one side of the muscle, and then from without inwards throug i 
the other, so that the knot, when 'tied, lies deep to the mu^Ie. Ine 
skin mav be closed by clips or, if an invisible scar is desired, by a 
contmuo'us horsehair suture remo%’ed in 24 hours. 
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Technique for Temporary Paralysis or the Diaphrag^i 

The prehramar> steps in this operation are exactlj similar to those 
for evulsion Having exposed and injected the mam nene with 
novocain the dissection is continued laterally and an\ accessorj fibres 
divided This is an important step and failure to carrj it out accounts 
for failure to obtain paralysis The mam phrenic is cnished ivth an 
artery forceps but must not be severed the length of nerve crushed 
should onlj be the breadth of the blades of the forceps and the nerv e 
should not be separated from the fascia covenng the scalenus anticus 
as a broad crush after liftmg the nerve from its bed may account for 
those cases in which crushmg results m permanent instead of temporary 
hemidiaphragmatic paralysis 

Intrapleural Pneumonolv sis 

Artificial pneumothorax frequently fails to give satisfactory collapse 
owing to adhesions between the two pleural layers unfortunatelv , 
these adhesions usually occur over that portion of the lung which it is 
most desired to collapse 

The type and extent of the adhesions vanes widely They are of 
three mam lands (1) Tliin strings which stretch easily or tougher 
round cord like adhesions (2) Sheets and bands which mav be 
translucent, or dense and composed of adult fibrous tissue TJicy 
may be short, so that the lung is held withm a centimetre of the chest- 
waU, or many centimetres m length and width (8) The lung may be 
adherent directly to the chest wall b\ surface adhesions over smaller 
or larger areas A radiogram of the chest will show the extent to 
which collapse is interfered with and usually gives some idea of the 
t) pe and extent of the adhesions, but their real nature can only be 
determined by inspection Even stereoscopic films do not reveal the 
whole truth In some cases where a few apparently casih divided 
strings are seen in the film, inspection shows extensive surface adhesions 
m addition On the other hand, many cases which appear to be 
impossible m the film are found on inspection to Iiav e easily div isible 
adhesions 

The results of artificial pneumothorax treatment hav e been shown 
to be se mitek beiter ivhere cempieie eofJspse i.he js atiisjjed 
that it IS better to divide all adhesions when this can be done without 
risk It IS especially important to divide any adhesion at the site of 
a cavity, even if the cavity has apparently closed, as m many cases 
the cavity has not healed and opens up again later on 

Closed Intrapleural Pneumonolvsis Thoracoscopy 

The principle of the operation is the insertion through anb inter- 
space of a cannula through whicli the thoracoscope is passed, with 
this instrument it is possible to mspect the whole pleural cavity and 
to see adhesions as the bladder is seen through a cy stoscopc Various 
modifications of the ongiml instrument devised by JacobTus of btock- 
holm have been invented To the right angltd viewing telescope has 
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been added one with a tcrininal pnsm which givci n forward \il\\ at 
20® from the axis Through a second cannula in another mten.pace an 
electric cauterj is introduced which at a dull red heat will dnide 
adhesions under vision Or the endothermic current ma\ be used 
hTmostasis is more easily attamed b\ this but pleural effusions occur 
much more frequentU probablj as the result of a more extensne tissue 
necrosis 

Chandler has devised an instrument which carries both the telescope 
and cautery and is used through a single cannula It has the dis 
advantage that if bleeding occurs the pnsm is apt to become obscured 
by blood and where manj adhesions are present the\ cannot all 
be reached 

Preoperatne considerations — A long adhesion ma> be dmded 
with much greater safet\ than a short one Although adhesions 
should be allowed to stretch after the mduction of an artificial pneumo- 
thorax it IS never justifiable to use high positive pressures to make 
them stretch or actually rupture this frequentl> causes rupture of 
their pulmonary attai.hment and a subsequent tuberculous empj enia 
as a result of pleural infection ansing from the underlying lung lesion 
The penod which should be allowed for stretching vanes in different 
cases several weeks or even a few months after mduction of the 
pneumothorax are usualh required but it is unwise to continue with 
an ineffective pneumothorax for man} months m the hope that the 
adhesions will ultimate!} stretch sufficient!} to make division possible 
it IS better to abandon the pneumothorax and consider some other 
form of collapse therap} There must be a sufficient!} large pneumo- 
thorax to allow the introduction of the trocar and cannula without 
nsk of damagmg the lung 

Adhesions are more readil} severed if fairly taut a refill of air 
should therefore be given on the dav before operation Localization 
of the adhesion® by stereoscopic X ra}S or rotating the patient under 
the fluoroscope is not necessan but it is essential to determine the 
position m which the first trocar and cannula can be inserted without 
damage to the lung this can usuall} be found b} a simple postero 
antenor radiogram The best position for the second cannula i® 
decided after inspection of the adhesions through the first canntrfj 

Pleural fluid complicating a pneumothorax is not an absolute 
contra indication to intrapleural pneumonolvsis unless it contains 
tubercle bacilli or is causmg toxic absorption 

Te chni que — The patient lies on the good side with tlie long end 
of the table raised so that his bodv k as nearly as possible v ertical 
m this way the weight of the lung draws down the apex and renders 
\ i<;ion easier as well as puttmg the adhesions under tension i c 
under hand is put under the pillow and the upper arm « , 

hang over the edge of the table thus pulling the scapula forw a 
A pillow under the side curves the spme and vndens the , 

The sites for the insertion of the cannulie must be chosen witn 
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regard for the position of the adhesions as seen in a radiogram but 
for the majontj of cases the postenor cannula is inserted in the oth 
or Cth interspace about an inch behind the vertebral border of the 
scapula and the antenor one m the axilla In cases of doubt it is 
best to insert the axillary one first and choose the site for the second 
one after inspection with the thoracoscope 

At the site chosen, the skin and tissues down to the pleura are 
infiltrated with 1 per cent novocain , air is obtained bv withdrawing 
the piston of the sjringe if the point of the needle has passed the 
pleura An incision ^ in long is made m the skin and a pneumothorax 
needle inserted into the pleural cavit> , through this a shlet two or 
three inches longer than the needle should be inserted If the st> let 
1 $ arrested by any obstruction the site should be abandoned and a 
fresh one selected If no obstruction is encountered, the needle and 
stylet are withdrawn! and the trocar and cannula introduced bj a 
steady pressure They should not be rotated as this tends to produce 
a round hole in the pleura rather than a linear cut which heals more 
readilj The trocar is withdrawn! and the thoracoscope introduced 
The adhesions are carefully inspected, and the operator decides whether 
It IS possible to divide them , this is largelj a matter of expenence 
it is wise to err on the conservatne side Section should not be 
undertaken if there are jellow tubercles on the pleural surface, as a 
tuberculous effusion almost alwajs results 

As a general rule an adhesion should be di\ided close to the chest- 
ivall , this IS of the utmost importance when Jung tissue extends out 
along the adliesion as shown by a blui»h tinge If the lung tissue 
extends very' close to the chest-wall, the safest method is to diMde 
the panetal pleura at tlie penpheral attachment of the adhesion and 
than strip the attachment from the chest wall with the unbelted 
cautery (Maurer s enucleation method) 

Vascular adhesions may be coagulated with the flat surface of the 
cautery or by diathermy before cutting with the edge of the cautery 
loop If any vessel bleed* the bleeding point should be controlled 
by pressure of the cautery' loop before it i* coagulated by heat If 
this fails, then it is an advantage to have a small button cautery , 
which will comjircss the jiomt with more certainty, and coagulate 
with the endothermic current 

Small cords and stnngs often arise from tlic subclavian arttix or 
the upper edge of the arch of the aorta These can be lifted away 
from the vessel by a cautery made m the form of a hook As the hook 
tends to slip tovsards the lung m some cases it is an advantage to use 
Maxwell s articulated hook, m which the caiiten loop cm he placed 
at right angles to the axis of the instrument b\ rotating a collar in the 
handle If the burning of the adli^ions causes pain, the peripheral 
attacfimcnt of the adhesion and the pleum around should be injected 
with novocain through a long applicator attached to a syringe, and 
introduced through the cauterv cannula Tins is alwavs necessary 
if diathermv i* being used, but rarcK with the cfectro-cautery 
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When the adhesions are \erj e\tensi\e it ma\ be nccesMr\ to stop 
^ter the} have been parti} divided and to repeat the operation m a 
feu ueeks time This is particular!} useful for short adhesion:, m 
the region of the subclavaan arterv as these wall lengthen oume to 
the weight of the lung which then depends on them 

WTiere a bilateral pneumothorax is present the patient sometimes 
becomes so d}spnceic on introducing the cannula: that tlie opcntioa 
is not possible If a pneumothorax needle is mtroduced and attached 
to a suction pump the patient is rendered comfortable and the operation 
can proceed 

At the end of the operation an} small pool of blood which mai 
be seen should be aspirated b} a suction tube Thi> blood has usuall; 
tnckled along the cannul-e from the chest wall If left it evcito a 
pleural effusion 

The stab mcisions are sutured and a pad fixed tightU with adhesivt 
strappmg to prevent surgical cmphvsema If there is anv sJiorlne>> 
of breath the pressure is adjusted b} removang air with a pneumo- 
thorax apparatus 

Postoperatne care — The patient should be nursed in a sitting up 
position for a few da\s and not allowed to he down even for a kw 
mmutes This is to prevent an} fluid entering the upper part of 
the chest First because if strands of fibnn arc formed attached to 
the lung and chest wall new sheets and cord» maj be formed and 
sccondl} as the fluid alwavs contains tubercle bacilli on culturi it 
IS inadvisable to allow it to infect the wounds made !n the cannul'e 

The chest should be X ra}ed the following dav and subsequent 
refills of air controlled b} the degree of collapse found Effusions 
are more frequent if the pressures are raised too much at first ''mall r 
refills at more frequent intervals are more satisfactorv Anv blood 
or effusion which collects m the pleural caviU should be aspintcd 
and replaced with air 

Open Intrvpleural Pneuwonolisis 

This operation is v erv rarel} if ev er indicated \Micn the adhesions 
are divisible b\ the closed method the open technique whi'^h involves 
opening the pleural cavat} and dividing the adhesions under direct 
V ision should nev cr he pcriormed as the incidence maswst 
operative effusion cmpvema loss of the pneumothorax •jpace an 
re-attachment of the adhesions is greater The operation miv p- 
justifiable in an occasional case of bilateral disease in a patient un 
for thoracoplastv when it is imperative to obtain an effective 
thorax but adhesions indivisible bv the closed method arc preventing ^ 

When adhesions arc indivisible bv the closed method - 

IS noted the usual site is in the apical region mon. frequentlv 
than anterior Hence a postenor incision through the upper pi 
the chest usualh gives the best exposure . 

Technique —Local an-esthcsia is preferable but nitrous . 
oxvgen mav bt used Tlic exposurt is obtained exaeth as in 
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pleural pneumonolysis except that the incision in the fourth rib bed 
is carried through into the pleural cavity for a length of in. If 
thoracoplasty has shown an adhesion with its peripheral attachment 

• in this position, the fifth rib or another in this region should be taken 
instead. The pleural cavity is inspected with a light on a long 
malleable stalk. A vascular string or cord adhesions maj' be dirided 
dose to the chest-wall attachment, wnth scissors. All other tj'pes, 
especially broad short vascular bands, should be "enudeated” by 
dividing the peripheral pleura at the base and stripping the attach- 
ment from the chest-wall in the extrapleural plane ; any bleeding 
that is caused should be controlled with the electro-cautery, diathermy 
or by ligature. 

The wound is dosed as described under extrapleural pneumonol 3 ’sis, 
except that the sutures in the rib bed include the pleura. It is even 
more important after intrapleural pneumonol 3 'sis that this suture 
line should be air-tight, as a frequent gause of failure is escape of air 
and loss of the pneumothorax space or re-attachment of the divided 
adhesions. The postoperative treatment is similar to that after the 
'closed technique. 

Extrapleural Pneumonolysis 

• Tills operation gives a selective pulmonary collapse by stripping 
the parietal pleura from the chest-wall and mediastinum over the 
diseased area and tilling the extrapleural space thus obtained with 
some substance. If air is used to maintain the space, i.e. the operation 
is done to obtain an extrapleural pneumothorax, the separation should 
be as extensive as necessar}’ to obtain and keep any desired arnount 
of pulmonar)' collapse ; tfiis may require separation dowm to the 
diaphragm. Wicn the space is filled with a solid or semi-solid sub- 
stance such as paraffin wax (autogenous fat or muscle grafts have 
also been used), the operation is limited almost entirely to the closure 
of cavities in the upper third of the lung, as the danger of perforation 
of wax into the lung when more than 400 grammes arc used is much 
increased. Air as a filling has the advantages over wa.\'-that the 
extent of the collapse can be controlled to a certain degree after 
operation, and that wax cannot perforate into the lung or externally. 
Extrapleural pneumothorax is therefore to be preferred to pneumono- 
l 3 'sis with “ plombage.” 

This form of collapse therapy is not so satisfactory- as thoracoplasty, 
but is useful when the patient is unfit for thoracoplasty on account 
of the acti\'ity of the lesion, or bilateral disease or some factor compli- 
cating the pulmonar>* tuberculosis such as cardiovascular insufficicnev*. 

Technique. — Local or general anaisthesia ma)- be used, but the 
■ latter causes less discomfort. Cyclopropane or nitrous oxide are the 
best, forms of inhalation anxsthesia; the former has the advantage 
that respirations arc very- shallow, so that there is minimal lung 
movement during the extrapleural separation, but has the disadvantage 
13 
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^^^len the adhesions are verj extensive it maj be necessar\ to stop 
after the\ have been partl> divided and to repeat the operation m a 
few weeks time This is parhcularlj useful for short adhesion^ in 
the region of the subclavnan arter\, as these will lengthen owing to 
the weight of the lung which then depends on them 
WTiere a bilateral pneumothorax is present, the patient sometimes 
becomes so dvspnoeic on introducing the cannulm that the operation 
IS not possible If a pneumothorax needle is introduced and attached 
to a suction pump the patient is rendered comfortable and the operation 
can proceed 

At the end of the operation anj smalt pool of blood which ma\ 
be seen should be aspirated bj a suction tube This blood has usualli 
tnckled along the cannulas from the chest-wall If left, it excites a 
pleural effusion 

The stab mcisions are sutured and a pad fixed tightU with adhesive 
strapping to prevent surgical emphjsema If there is anv shortness 
of breath the pressure is adjusted bx removing air with a pneumo- 
thorax apparatus 

Postoperative care. — The patient should be nursed m a sitting up 
position for a few davs and not allowed to lie down even for a few 
minutes This is to prevent any fluid entenng the upper part of 
the chest First, because if strands of fibnn are formed attached to 
the lung and chest wall new sheets and cords may be formed, and 
secondly, as the fluid alwa>s contains tubercle bacilli on culture il 
IS inadvisable to allow it to infect the wounds made bv the cannu!® 
The chest should be X-ra> cd the following dav , and subsequent 
refills of air controlled by the degree of collapse found Effusions 
are more frequent if the pressures arc raised too much at firs.t Smalls 
refills at more frequent intervals are more satisfactorv An) blood 
or effusion which collects m the pleural cavitj should be aspintcd 
and replaced with air 

Open Intrapleural Pveujionolisis 


This operation is ver) rarelj , if ever, indicated WTien the adhesions 
are divisible b\ the closed method, the open technique, which involves 
opening the pleural cavity and dividing the adhesions under dirw 
vision should never be performed as the incidence of 
operative effusion, empyema, loss of the pneumothorax space an 
re-attachment of the adhesions is greater The operation mav e 
justifiable m an occasional case of bilateral disease in a patient un 
for thoracoplastj , when it is imperative to obtam an effective pneum 

thorax but adhesions mdivisibleb) theclosed method are proven inj, 

^\^len adhesions arc indivisible b)' the closed method, their 
IS noted the usual site is m the apical region, more frequentlv pos 
than antenor Hence a postenor mcision through the upper p 


the chest usuall) giv es the best exposure , 

Technique.— Local anTsthesia is preferable, but nitrons o\n e 
oxvgen mav be u^ed The exposure is obtained cxactiv a> m 
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pleural pneumonolysis except that the incision in the fourth rib bed 
is carried through into the pleural cavity for a length of SJ in. If 
thoracoplasty has shown an adhesion w-ith its peripheral attachment 
. in this position, the fifth rib or another in this region should be taken 
instead. The pleural cavity is inspected with a light on a long 
malleable stalk. A vascular string or cord adhesions maj^ be divided 
close to the chest-wall attachment, with scissors. All other types, 
especially broad short vascular bands, should be “enucleated" by 
dividing the peripheral pleura at the base and stripping the attach- 
ment from the chest-wall in the extrapleural plane ; any bleeding 
that is caused should be controlled with the electro-cautery, diathermy 
or by ligature. 

The wound is closed as described under extrapleural pneumonolysis, 
except that the sutures in the rib bed include the pleura. It is even 
more important after intrapleural pneumonol3-sis that this suture 
line should be air-tight, as a frequent cause of failure is escape of air 
and loss of the pneumothorax space or rc-attachment of the divided 
adhesions. The postoperative treatment is similar to that after the 
'closed technique. 

Extrapleural Pneumonolysis 

• This operation gives a selective pulmonarj' collapse by stripping 
the parietal pleura from the chest-wall and mediastinum over the 
diseased area and filling the extrapleural space thus obtained %vith 
some substance. If air is used to maintain the space, i.e. the operation 
is done to obtain an extrapleural pneumothorax, the separation should 
be as extensive as necessary to obtain and keep any desired amount 
of pulmonary* collapse ; this may require separation down to the 
diaphragm. When the space is filled with a solid or semi-solid sub- 
stance such as paraffin wax (autogenous fat or muscle grafts have 
also been used), the operation is limited almost entirely- to the closure 
of cavities in the upper third of the lung, as the danger of perforation 
of wax info the lung when more than -lOO grammes arc used is much 
increased. Air as a filling has the advantages over wax -that the 
extent of the collapse can be controlled to a certain degree after 
operation, and that wax cannot perforate into the lung or externally. 
Extrapleural pneumothorax is therefore to be preferred to pneumono- 
lysis yvith “plombage." 

Tins form of collapse therapy is not so satisfactorj* as thoracoplastj*, 
but is useful when the patient is unfit for thoracoplasty on account 
of the activity of the lesion, or bilateral disease or some factor compli- 
cating the pulmonarj- tuberculosis such as cardiovascular insufficiency. 

Technique.— Local or general anresthesia may be used, but the 
■ latter causes less discomfort. Cyclopropane or nitrous oxide are the 
best forms of inlialation anarsthesia; the former has the advantage 
that respirations are very* shallow, so that there is minimal lung 
movement during the extrapleural separation, but has the disadvantage 
13 
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that being inflammable diathcnnic coagulation cannot. be used for 
hiEmostasis inside the chest 

A postenor inasion should alua>s be used With an antenor or 
axillao approach it is \en difficult to maintain the pneumothomc 
and i\a\ almost alwajs gradualh comes out into the subcutaneous 
tissue 

The patient lies on the good side wth the uppermost scapula ck\ itnl 
and rotated as far fonsards as possible This position bnngi tlic 
vertebral border of the scapula to o\crhe and run parallel wth the 
third mtercostal spice so that the postenor part of the fourth nb 
IS no longer coiercd b\ it A 5 inch incision is made over tlie fourth 
nb the infenor fibres of the trapezius divided at the medial end and 
the rhomboid major split in the line of its fibres {Fig 1*11 ) Tlie 



Fig ipx — Incu OR for esctraplejral pneumonolrsu 

«erratus posticus superior is separated from its attachment to the 
fourth aijd fifth nbs and retracted \ 5 inch segment of the fourth 
nb is subpenosteallv resected extendmg back to the transv er'se procts 
To expose the plane of tlic endolhoracic fascia which con ists of a 
little connective tissue between the panetal pleura and the chest wall 
the intercostal muscles are carcfiillv divided until the pleura is sctn 
There is less nsk of opening the pleura b\ this method than bj inci iiv 
the periosteal bed of the portion of nb removed ^\Jth the fingtr 
the pleura is carcfullv detached all round the wound until there i-> a 
sufficient extripleural space to contmuc the separation under direct 
vision The upper margin of the penosteum and adjacent intercostal 
muscles are retracted with two small double hook retractors \ light 
on a malleable stalk is held in the artificiallv -created space bj an 
assistant while iht operator holding the lung down bv a small gaun 
swab on a holder continues the separation of the pleura undir vi^ on 
bv means of another such svv ib or bv a special imtal spatula Along 
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the posterior ends of the nbs ind over the bodies, of the vertebra: 
the pleura, is usualh more adherent in these regions it is preferable 
to use the finger for stripping Bktdmg ma) occur from vessels m 
the chest-wall, particularlv m tlit neighbourhood of the internal 
mammarj vessels and at the posterior ends of the intercostal spaces 
Sometimes an intercostal artcrj or nerve is stnppcd down with the 
pleura . if it cannot be separated from the pleura, it must be ligated 
and diV7ded Great care js taXen to leave the walls of the extrapleural 



Fig xgz — Anatomical details ol posterior end of fourth nb 

space as drv as possibk an> bkeding pomts in the chest wall are 
coagulated with the diathermic current if a non inflammable an'ESthetic 
IS being used , if the anx'sihctic gas is mfiammable, fiTmostasis is 
obtained with ligatures or neural clips Xo coagulation should be 
done on the pleura itself 

If the extrapleural pncumonol>sis is being performed for the 
induction of an extrapleural pneumotlionx it is important that the 
pleura should be stripped down to the hilum on the methastmal 
surface, down to the eighth or ninth nb posteriori), and anteriorly to 
at least the third or fourth costal cartilage lliis allows for partial 
re expansion of the lung, which alwa)s follows the operation I allure 
to close pulmonary cav ities is usuall) due to inadequate separation 
If the operation is done to maintain apical collapse b) " plombage," 
the extent of the separation must be much less owing to the small 
amount of wax that oui be sifel) used Although some surgeons 
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have chimed better results from leaving the medial apical and media 
stinal portions adherent m order that the paraffin wax maj compress 
tlie diseased apical part of the lung against tlie mediastinum the bes‘ 
results are probabI> obtained bj separation of the ape\ in its cntin. 
circumference as for cvtrapleural pneumothorax 
The paraffin must be chemicall> pure vv ith a melting point of 15" C 
It IS sterilized by heating at 150“ C for one hour The paraffin mav 
be introduced into the cavatyvvith a Tudor Eduards paraffin svnngc 
which has a water jacket whicli “keeps the via\ soft Or the wav mav 
be poured out into a sterile bowl and when it is beginning to set 
be compressed into small pieces about the size of a walnut which are 
packed into the cavity The wav in the chest must be snugh pressed 
together so that no air spaces exist 

Tlie incision in the intercostal muscle and rib bed is repaired with 
a continuous No 2 chromicized catgut suture this should lie done 
with great care in order that air may not escape from an extraplcunl 
pneumothorax and wax maj not be extruded when plombage is 
emplojed The extracostal muscles are likewise sutured and the skin 
approximated with an unabsorbable suture A pneumothorax needle 
is then inserted and a refill of 200-400 cc of air is given until the 
pressures are just positiv c before the patient leas es the operation table 
Immediate after-treatment —Tlie patient is kept sitting up \ 
second refill is given some six or seven hours later a third afteranothcr 
twelve hours and tlien dad) refills fora few days 
A radiogram is taken on the day after operation and about ever) 
third da) for the next fortnight The spacing and pressures of 
subsequent refills are decided b) tlie radiographic appearance and the 
rate at which the pressure falls between the ^cflll^ An attempt i» 
made to keep the pressures at -1-14 to +20 It is ver) important 
that the lung should be kept down from the very beginning as if it 
expands in the first few hours it ma) l)c impossible to obtain a good 
collapse again Increasing the pressures and decreasing tlic mfervil 
between refills has a good effect 

All cases show a small fluid level b) next da) At first these were 
left alone but now as a routine the fluid which is usuallv pure blood 
IS aspirated and if it recurs aspiration is repoateJ at a ftw daj’S 
interval until it no longer recurs During this lime the sitting position 
IS maintained in order that bands of fibnn ma) not form m tht. upper 
part of the cavitv the) might b) their oiganization subsc jiii.nlh 
draw out the lung 

Postoperative complications of extrapleural pneumothorax — 

1 Ilttmorrhage — Tins ma) be a slow oozing which gnduall) fills up 
the space It should be removed b\ suction with the aid of a thoncii- 
scope any clot being broken up b) the metal suction tube Tlu' 
should be done early or it may not be jiossiUIe to remove the clol 
In some cases senous dehved hxmorrhage occurs after 4*1 
Copious blootl transfusion should at once be given Tlie blood should 
not be removed for some da)S 
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2 I ate effusion — In a jiigh proportion of races clear effusions bcgm 
after some months and eventually turn into tuberculous pus Late 
infections with streptococci have occurred after man> weeks 

8 Emphysema — Tliere is alwajs a little subcutaneous emphysema, 
less on the whole than iti thoracoscopy It may extend to the neck 
and cause a httle discomfort in swallowing 

4 Contralateral disease may increase 

There is no doubt that postoperative morbidity is higher than in 
thoracoplasty and the operative mortality is no lower ChurcJull 
has pointed out that if the lung does re expand it does so at the expense 
of the diseased part of the lung The indications for the operation 
are therefore few It should in my opinion be reserved for cases 
where, owing to the condition of the patient, thoracoplasty is inadvis 
able and thoracoplasty should be done after the patient has improved 

Thoracoplasty 

Indications — Tins operation is rarely if ever, indicated for pul 
monary disease other than tuberculosis In bronchiectasis and 
chrome lung abscess its value has proved to be transitory or negligible 
and surgical excision of the diseas^ area has entirely replaced collapse 
therapy The modified form of thoracoplasty for chronic pleural 
suppuration has already been considered {See p 815 ) 

In pulmonarj tuberculosis, thoracoplastj in its modem form has 
proved to be one of the most satisfactory methods of colhpse without 
carrying undue nsk to the patient Follow up study of tuberculous 
patients treated by collapse therapy has shown that there is less 
likelihood of re activation of the tuberculosis after thoracoplasty than 
after temporary forms of collapse such as pneumothorax Never 
theless the operation should only be undertaken after careful con- 
sideration of each individual patient by one experienced m the selection 
of cases after consideration of the following points — 

(1) A^e — The best results have been obtained m patients between 
SO and 40 , patients under 80 have on the a\ erage less resistance to 
the disease than those of the fourth decade The hazards of the 
operation become progressively increased after the age of 40 , never- 
theless good results may be obtained up to the age of 60 No patient 
therefore between 20 and 60 m whom the operation is indicated 
should be refused on account of age alone 

(2) General condtiton — ^An ambulant patient m whom the general 
cardio v ascular tone has been maintained is a much better nsk than 
a patient w ho has been confined to bc<l for a long penod An estimate 
of cardio respiratory reserve must be based on dy'spneea and cyanosis, 
the pulse rate at rest and after walking exercise, the blood pressure 
the amount of chest expansion and the vital capacity or lung volume 
Clubbing of the fingers suggests supendded broncho-pulmonary 
suppuration and is usually a warning against thoracoplasty 

(3) lype and disinbution of the disease — Patients with unilateral 
disease will obviously give the best results , however bilateral disease 
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15 not necessanlj i contri indication ^n(l tlioncophst\ nn\ cien 
be combined with some fonn of selcctnc collapse on the oppoMte 
side such as a pneumotliorax The pulmomrj lesion should be m 
the productive or fibrotic ph-isc le the patient should be showm;; 
some attempt at spontaneous healing bj fibrosis ideallj there 
should be evndence of contraction of the fibrous tissue shown b\ 
shift of the mediastinum narrowing of the interco tal spaces or nse 
of the diaphragm Although thoracoplast) is pnmarilj designed to 
close cavities in fibro cav ernous tuberculosis a certain amount of 
associated infiltrative disease is not necessani) a contra indication 

Examination of senal radu^rams taken during an essential pre 
operative penod of sanatonum treatment is of the greatest value m 
determmmg the type of disease present Further information about 
the activnty of the lesion must be obtained from the general appearance 
of the patient temperature chart erjthrocjte sedimentation rate 
and differential white blood count 

(4) Sutlabiltly for other fortns of collapse — In general onl\ patients in 
whom intrapleural pneumothorax has been attempted without succors 
should be treated b\ thoncoplastv However where the cavernous 
lesion IS restricted to the apex of the upper lobe on one «ide there 
IS agrowing tendency to perform a partial thoracoplasty with apicolysis 
without first attempting an artificial pneumothorax on the ground^ 
that the operative mortalUv is verv low and the patients return to 
work within a V ear avoidmg the necessity for keeping a pneumothorax 
for several vears and then being faced with the difficultv of 
termmating it 

General principles of the operation — ^The operation has the common 
object of all forms of collapse therapy— cavitv closure with preservation 
of the maximum amount of healthy lung When the disease is spread 
throughout one lung the whole of that side must be collapsed b\ 
removal of the nbs down to and mcluding the 10th or even 11th ribs 
But when it is limited to the upper portion as so commonly happens 
It IS onlv necessarv to collapse the upper aHccted part leaving the 
lower part to carrv on its normal respiratorv function it is in these 
cases that the modem upper selective thoracoplastv has entirelv 
replaced the old Sauerbrudi complete paravertebral operation 

The collapse prov idcd should not be m one plane onlv but concentric 
towards tlie hilum It is for this reason that the vast majontv of 
thoracoplasties should be combined with apicohsis which involves 
freeing the apex from its attachments at the root of the neck thus 
allowing shrinkage in the vertical as well as the lionzonlal 
This important addition to thoracoplasty has been populanzcd b\ 
Holst and Semb 

Maximum collapse of the diseased area must be obtained at minimum 
nsk to the patient The operation is therefore divided into stapes 
as It has been found that if no more than three nbs art removed a 
a single stage the nsk is very small whereas removal of more involvts 
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an increased risk proportionate to the number rcmo% cd The stages 
should always be arranged from above dowTi^Nards, the first stage, 
therefore, being removal of the upper three nlis 

To obtain adequate collapbc, the whole of the 1st nb, together 
with part of its cartihge, the whole of the 2nd with its cartilage, 
and the major portion of the 8rd nb (m eacK case, excluding the 
head and neck which he medial to the trans\erse process) must be 
removed Below this, the length of each rib removed is graded 
according to the extent of collapse required From the third nb 
downwards it is necessary in some cases to remove the transverse 
processes and adja'-ent portions This should be done where a radio 
gram talcen before the second stage of the operation shows that a cavitj 
IS under or in close proximitv to the processes Usuallj, sufficient 
lengths of nbs mav be removed from behind through a parascapular 
incision but with giant cavities an antero lateral stage for removal of 
the anterior stumps remaining after completion of the posterior stages 
maj be necessarj 

Pre operative preparation —All patients should have a penod of 
sanatonum treatment before operation The duration depends on 
the activity of the lesion when the patient comes under care If the 
disease is aircadv m the fibro-cavemous stage and sliovving little 
evidence of activitj, a few weeks onl\ arc required Wlicn activit} 
IS more marked a longer penod is required but it must be emphasized 
that all patients will not ultimately arrive at the ideal stage of a 
«purelv fibre cavernous lesion simply by watting the likelihood of 
spread before operation increases proportionately with the time 
allowed to elapse before collapse therapv is undertaken As soon, 
therefore, as the patient ceases to show definite improvement, operation 
should be undertaken if there is still an active lesion, the amount 
done at each stage must be limited accordingly 

Occasionally, when rest alone docs not produce improvement, the 
addition of lanporary phrenic paralysis may do so , by tins means 
a few patients in whom thoracoplasty would not at first appear 
justifiable owing to the risk involved may be rendered suitable for 
the operation It is wise, however, to have the diaphragm contracting 
again before proceeding 

During the 48 hours immediatch before operation glucose b\ 
mouth should be given to the limit of tolerance 4 drachms of {>0 per 
cent glucose in lemonade given four hourh are usually quite acceptable 

Anesthesia. — Cyclopropane is the best anxsthetic available, it 
allows adequate oxygenation and quiet respiration, which arc desirable 
if bronchogenic spread is- to be avoided, the quiet breathing also 
reduces the technical difficulties of apicolvsis i\itrous oxide and 
oxygen with the addition of a hlllc chloroform when necessary, mav 
be used if an .anajbthctist cxpcncnccd with cvclopropane is not avail 
able Local anTStIie<5ia Ins given good rcMilts m experienced hands 
but IS a long and tedious manceiivTC and trv ing to the jiatient 
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Position on the table. — The patient lies on the good side with a 
rubber cushion under the middle of the thorax so that the uppennost 
intercostal spaces are wdencd Tlie legs are placed as in the hidnei 
position/ the upper straight and the louer flexed The upper ann 
IS dra\vn forv^ards apd supported bj a nurse who sits opposite the 
patient's face The patient is prevented from rolling forwards bv a 
special padded support which is attached to the operating table 
The table is tilted into a 15“ Trendelenburg position so that am 
secretion expressed b> collapsmg the lung may gravitate down the 
trachea into the mouth rather than into the opposite lung Tlie 



F»g 193 —Incision lor two upper stages of thoracoplutj, ani crosscut lor lower 

patient should be arranged in the position for operation before being 
anjEsthetized A catheter is placed m the rectum so that 1 000 cc 
of 5 per cent glucose m tap water at 110* F may be run in after the 
incision has been made and the nbs exposed , this dccrcises the 
shock resulting from elevation of the periosteum and helps to replace 
fluid lost from the circulation by haimorrhage 
First stage operation — A J shaped incision is made the vertical 
part commencing on a level with the seventh cervical spinous process 
{which usually corresponds to a point about 1§ in below the super^ 
lateral border of the trapezius) and running vertically downwards 
1 in medial to the vertebral border of the scapula , it curves forward 

aboutljm below thcinfenorscapularanglealmosttothemid axillary 

Ime (Fig 193) The extracostiU muscles arc divided m the same 
line as the skm mcision thus exposmg the chest wall The assist^t 
manually raises the vertebral border of tiie scapula from the chest w all 
the costal surface of the ^erratus ■antenor is exposed bv division 
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with scissors of a little loose connective tissue between the scapula 
and the chest wall A pair of blunt pointed scissors is insinuated 
into the interval between the upper three digitations of serratus 
anterior and those below and the interval widened bj separation of 
the scissor blades so as to allow the passage of a finger antenor to the 
upper three digitations with the index finger of the left hand in 
this position so as to protect the axillary structures the upper fibres 
are divided with scissors at their costal ongin (Fig 194) The scapula 
can then be further elevated from the chest wall 

A small incision is made along the lateral border of tlie sacrospinalis 



Fig 194 First stage thoracoplas^ D t s on of the serratus anterior 


so as to separate it from the third nb and the muscle retracted with 
two small hook retractors by a second Msistant the penosteum of 
this rib IS divided longitudmallj from the tip of the corresponding 
transverse process forwards almost to the costal cartilage Working 
backward', along the lower border and forwards along the upper 
border the periosteum is stripped from the c\lcmal surface and two 
borders of the nb with a Faribcuf s rugine a Do>en s raspatorj is 
carefully insinuated around the nb in its posterior port and the 
penosteum stripped from the internal surface b\ sweeping the raspa 
tor> forwards The nb is divided with shears postcnorlv on a level 
with the tip of the transverse process and again anttnorlj near the 
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coatal cartilage, and remo\ed The second nb la removed in an 
exactly similar manner, except that the division anteriorly should be 
actuallj. at the costo chondral junction and not merely close to it 
The first nb is removed after removal of the third and second nbs 
The outer border can then readilj be felt but rarely seen Having 
defined the outer border hy palpation the fingers of the left hand 
are placed immediately below it and an ina«ion is made through the 
muscles and penosteum covering the outer border m its postenor 
part The periosteum is elevated from the outer border and infcnor 
surface with a rugme With the nb thus exposed to view, the pen 



Fig 195 — Resection of first three ribs completed 

osteum IS elevated from its upper surface with a special angulatcd 
rugme from behmd forwards Special care should be taken to avoid 
injury to the subclavian vessels the first thoracic nerve and the lovter 
trunk of the brachial plexus, which are all m direct relation to ihe first 
nb if the rugme is kept stnctly subperiosteal, there is no likelihood 
of damage to these structures The mner border is cleared with a 
special hook shaped raspatorv If the nb is divided postenorh flush 
w ith the transv erse process and grasped w ith bone forceps, the pen- 
osteal and penchondnal separation of the extreme antenor end of the 
nb and the lateral part of the costal cartilage (vvhidi part ishould also 
be remov ed) may be made easier by depressing the nb The nb is 
finally removed b) division of the costal cartilage immediately 
to the attachment of the costo-clavicular ligament (Hgs 195 196 ) 
Since vertical as well as horizontal collapse is desirable m order 
to obtain closure of apical pulmonary cavnties the apex of the lung 
should be released from its attachments to the neck and mediastinum 
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inmost if not ill cases To do this the 
apex of the lung co\ ered vith the penos 
teum of the first three ribs and the inter 
vcnmg intercostal bundles is depressefl 
with the left hand this brings into pro 
mmence certain bands of fibrous tissue 
anchoring the lung to the root of the neck 
these bands have been defined bj ana 
tomists and each labelled according to 
its position in practice these fibrous 
attachments appear to \arv somewhat 
in position although two are usuallv 
found postenorU adjacent to the first 
thoracic nene (Fig 197) All such 
bands are divided after ascertaining 
that no important structure is mcor 
porated onlj those that bleed after 



F g 196 — Removal of intercostal 
bundle 


division are clamped and ligated The apex is thus entirclj liberated 
Separation from the mediastinum is accomplished b> w iping the parietal 
pleura awa> with a gau7e sponge held in forceps The apex is further 
mobilized b> clamping dividing and ligating the first, second and 
third intercostal bundles close to where the ribs have been divided 


posteriori} (Tig 19fi} The first and second intercostal structures, 
should be treated likewise antcnorlv B\ this means, the apex can 



364 


THORACIC SURGERY 


be readili depressed to a horizontal plane on a level with the postenor 
end of the unresected fourth nb (Fig 198) After the wound is 
closed, there is a large space above the lung containing an and blood- 
stained Serum which are ver^ gradually absorbed This, however 
does not result m re-expansion of the lung as the periosteum which 
remains attached to it re forms bone, thus anchoring the lung down 
in its new position 

Much stress has been laid bj some authors on the distinction 
between extrafascial and extrapleural apicol3sis such distinction 
appears largel} theoretical pro\*idcd the penosteum and intercostal 



Fig 198 — First stage compJeted 

structures are not stnpped off the lung The separation from the 
mediastinum is mvanablj extrapleural 

Finally, the extracostal muscles are approximated with a continuous* 
No 2 chromicized catgut suture and the skin with a continuous 
unabsorbable suture No drainage is employed A dressing is 
applied and, with a cotton wool pad in the axilla, the chest i» firmlv 
strapped with adhesive strappmg m order to prevent paradoxical 
movement dunng respiration 

Second stage operation — ^There are verv few* cases in which 
sufficient collapse is obtained bj the first stage operation The 
extent of further nb resection must be decided from careful con- 
sideration of radiograms taken before and after the first stage As a 
general rule, it is necessarv to extend the dccostalization down to 
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include one or sometimes ttvo nbs below the lowermost limit of any 
, cavitation present owing to the obhque course of the nbs the posterior 
ends are on a much higher honzont^ plane than the anterior ends , 
It IS, therefore, the posterior segments of the nbs ^shlch must be 
considered m relation to any cavities present 
The interval between the first and second and subsequent stages 
vanes with the individual case but is ideally between three and four 
weeks If the patient is not fit to undergo another operation at the 



Fig X99 — Second sUge thoracoplastj The scar tissue 
over the extrapleural space formed at the first operation 
IS seen above the fourth nb 


end of this period, the ne\t stage must be delated The anicstliesia, 
position on the table, and method of reducing shock b}' rectal fluid 
are similar to those of the first stage The previous skin and extra- 
costal muscle incision is re-opcned. with the exception of the upper 
two inches The scapula is raised by an assistant, and adhesions 
which ha\e formed between it and the chest-wall are broken down 
manuallv This allows adequate exposure of the fourth and lower 
nbs down to the eighth Working from aboxe downwards, dccostah- 
zation IS earned out in a manner exactly similar to that in which the 
third nb was remoxed at the first stage {fig 199) B) retracting 
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the semispmalis muscle each nb is dnidcd postenorh flush with the 
tip of the trans\erse process If the trms\erse process is to be 
removed the tendinous attachments to the tip of the process are * 
snipped with scissors and the rest of the process cleared with thi. 
rugine If a pair of bone^:utting sheare with the bhdes at nght 
angles to the shaft is used the transverse process and nb can bv 
clearlv div ided at one cut The position of div ision antenorh depends 

upon the size and distribution of cavi*ies pre ent large cavities and 
those seen to extend antenorh in a lateral radiogram require removal 



F g 200 Rtsect on of r bs completed Scar t *sue i» be nj remored. 

of long lengths of the nbs when there is no vcr> large cavitv and 
the cavitation is conhned to the upper half of the lung po«ttriorlv the 
point of division antenorh is graded from above dowaiwnrch in an 
average case J of the fourth nb j of the fifth and I of th'* sixth (ant! 
I of the seventh when nccessarv) are removed the removal of 
segments of four nbs is justified when long lengths arc not exci cfi 
and when the anaisthetist is of the opinion that the patient s general 
condition has not detenorated dunng the removal of the fourth filth 
and sixth nbs 

Wlien this decostaiizatioii is completed the fibrous ti tie septum 
which «eparates the present operative field from the apical prxket 
filled with blood stamed serum resulting from the first stage apicolvsi 
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ii> divided In TO inciMOn panllcl nitli ind tvtcrnal to tin preMoiislv 
resected third nb (Fig 200) Fiinllj the fourth inttrcostil bundle 
11 , clamped divided and ligated and tlie lung freed from the postenor 
mediastinal gutter in this region bv separation with a finger (I ig 201 ) 
The wound is closed without drainage as in tlie first stage and the 
chest again strapped firmlg to prevent paradovical movement 



F g 201 — Operat on completed The fm ng should be prolonged 
much further forwards than is shown in the d agram 


Third and subsequent posterior stages —Further decostalization 
must be controlled entirely according to the collapse neccssarv to close 
auj residual cwities The lower nl>s are best exposed b^ opening 
up the lower half of the old wound in addition an incision at right 
angles to this is made ninning downwards and backwards through 
the skin and cxtracostal muscles this Y shaped incision gi\i.s good 
exposure and obaiatcs anj possibility of gangrene of the comers of 
the flaps thus marked out Kemo\al of the ribs is earned out exactly 
as before if complete colhp^t of the whole Jung is required the 
decostaliration must extend dow n to and include the tenth or cle\ enth 
rib The w oimd is closed as before 

Antero-latcral thoracoplasty — OccasionalU in the presence of 
very large apicd caaitics adequate collapse is not obtainetl by nb 
remoaal through the posterior incisions described aboee In such 


S68 


THORACIC SURGERY 


cases the remiimng antenor stumpa should be removed b\ in intero 
lateral operation The objection to tins procedure is the dcformit) 
It produces the patient being IcU with a large hollow in the subda 
Mcular region If radiograms taken two weeks after completion of the 
postenor stages show persistent ca\ itation the antcro latenl operation 
IS indicated It is unwise to dela> longer to sec if the cavitition will 
subsequently close because the upper nbs are meanwhile stiffening In 
regeneration of bone and the additional collapse obtained In an 
antero lateral stage done later w ill be much less 

Technique — The patient lies flat on tlie back w ith the arm on 
the affected side held in abduction by an assistant who can rotate 
and manipulate it dunng the operation so as to slacken the pectoral 
muscles An oblique G in incision extending down from t!ie apex 
of the axdla is made parallel with and immediately behind the latenl 
border of pect oralis major This muscle is retracted forwards and 
medially so that the antenor nb ends are exposed Tlie penosteum 
IS elevated with a rugine and the antenor segments removed part 
of the corresponding costal cartilages may be excised together with 
the nbs w hen v ery extensive antenor collapse is required The w oimd 
is closed without drainage by approximation of the skin incision 
Great care must be taken to stabilize the chest wall by firm strapping 
as the antenor part of the chest is unprotected by the «capuli and 
when flail allows gross paradoxical movement 

Secondary operations — -Failure of cavity closure by thoracoplasty 
has very much decreased since apicolysis has been combined with the 
majonty of thoracoplasties Those cases collapsed by the old 
technique with persistent cavities should be re-operated on and 
apicolysis performed after removal of reformed bone Tlicrc arc 
however a few cases in which cavitation yielding a positive sputum 
persists even after combining apicolysis with decostahzation Tliese 
require re operation and removal of rc-formed bone m the rvgion 
of the radiologically -demonstrable cavitation Tlie old postenor 
incision is re opened and the penostcum separated from tho^^e nb> 
vvhicli appear to be prev enting closure of the cavities as tlie re-formed 
nbs are V ery irregular this procedure is often difiicuU alw ay s tedious 
and shocking to the patient the amount done at one operation 
should therefore be limited 

Postoperative care — In spite of the most careful hemosta^ts 'v 
patient with large muscles loses a considerable quantity of bli^ 
dunng the operation It is a great aid to quick and um-ventfu 
conv alescence if a blood transfusion is giv cn at the end of the ojveration 
Certainly one patient in three requires blood Tlie transfusion shoiuo 
be about 50G-C0O c c given bv the dnp method A litre of '• per ctnt 
glucose in normal saline given uitravcnously gives rapid r^ph'^Ldiment 
of the circulating fluid if a blood transfusion i> not available H me 
patient is cyanosed or if there is anv degree of dyspntea oxvgea 
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should be gi\ en Cyanosis is not seen if the harmoglobm percentage is 
low, although the patient may be needing o\ygen 
A postoperative sedative for pain is required, but this must not 
dimmish the cough reflex dilaudid gr 1/32-1/48 relie\es pain to 
the same extent as morphia with less effect on the cough centre 
The patient is encouraged to expectorate all sputum , expectoration 
IS facilitated if the nurse applies firm pressure u ith her hand against 
the decostalized chest*\vaU To prexent stagnation of sputum the 
patient should not be allowed to he for long periods m one position 
but must he on the back and on the side operated on alternately 
every two hours If the sputum is tenacious steam inhalations and 
ammonium chloride (gr x four hourly) by mouth help to loosen it 
Secondary anemia resulting from bIo(^ loss at the time of operation 
should be treated by giving iron (pulv fern redact grs xx t d s ) by 
mouth The firm strapping applied at the time of operation should 
be maintained durmg the first week if paradoxical movement is 
minimal when the strapping js removed, it may be left off altogether 
Various methods of increasing by compression the collapse obtained 
by thoracoplasty have beeh employed one of the most satisfactory 
IS to make the patient he on the operated side with a folded pillow 
m the axilla , the patient's own weight thus provides the compression 
Tins " pillow treatment *’ should commence one week after ojwration , 
at first, it will only be tolerated for about one hour on end 
The patient is usually fit to get up on the tenth to twelfth day* 
Finally, it must be impressed on the patient that thoracoplasty is not 
a cure for pulmonary tuberculosis but only a mechanical procedure 
that puts him in a better position to cure him»elf. and the operation 
must always be followed by at least six months’ sanatorium treatment 

iNTCnCOSTAL NeURECTOMV 

Tins operation is performed for two mam purposes (a) Tlie relief 
of pam caused by extensive trauma to the chest-will that has involved 
the intercostal nerves or pain due to an old pleurisy' (6) John 
Alexander has advocated it in certain cases of pulmonary tuberculosis 
After paralysis of the diaphragm by phrenic exmlsion, the costal 
movements are somewhat increased to compensate, but if an inter- 
costal neurectomy is added there will be complete immobilization 
There arc cases of unilateral tuberculosis vs here pneumothorax is 
impossible owing to adhesions, and a thoracoplasty is indicated but 
the patients are too ill for it In tliesc cases, the condition may' be 
improved by absolute immobilization on the affected side, and may 
tlius be better prepared to stand the thoracoplasty at a later date 
Severe piin due to infiUntion of intercostal nerves by growth 
extending from the lung or primary pleural cndotliehoma is best 
relieved by a posterior rhizotomy rather than intercostal neurectomy 
Technique. — The operation is perfonned under local anxstliesia 
A V ertical incision is made ov er the lateral border of the erector spina 
muscle, the superficial muscles are divided, the nbs exposed opposite 
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the angles and the intercostal nerves found b\ incising the extenial 
intercostal just lateral to the angle The second to the tenth inclusive 
are exposed injected vv ith no\ ocam and an inch of each nerv e resectetl 
If the lower two thoracic nerves are left intact there will be no sub- 
sequent weakness of the abdominal wall 

SCALENOTOMY 

Tins, like the preceding operation, is employed in pulmonary 
tuberculosis when it is desired to obtain the maximum rest on the 
affected side The operation was suggested b} Dns Gale and Middleton 
of Madison, Wisconsin m 1931, after e\tensi\e research The 
efficiency of the intercostal muscles m eleyating the nbs depends 
on the fixation of the first nb by the scalene muscles Tlierefore they 
resect these muscles at the same time as the phrenic evulsion vylien 
they wish to paralyse the diaphragm for a lesion in the upper third 
of the chest They are also performing this operation m conjunction 
with a neurectomy of the upper six intercostd nervo It is earned 
out through the mcision for the exposure of the phrenic nerve, but it 
IS continued backwards until the anterior border of the trapezius i^ 
exposed Through this opening all three scalene muscles can lit, 
divided at their insertion into the first nb 

The operation has few indications, and is rarely performed 

III. DIAPHRAGMATIC HERNIA 

Hernia of the abdominal viscera into the pleural cavity or into the 
mediastinum may occur through openings due to embryonic deficiency, 
in which case the opening is at certain definite sites, or through openings 
due to trauma which may occur at any pomt m the diaphragm The 
hernia is most commonly on tlie left side, as the large bulk of the hvtr 
usually occludes nght-sidcd openings However, they do occur on 
the right side, and I have operated on two such cases Tlic contents 
of the hernia are most frequently the omentum, storpach, small 
intestine, colon and spleen 

S}Juptoms, — The s}j:nptQxas wiucli draw attention to the condition 
arc most often abdominal They auc pain, vomiting and symptoiw 
of obstruction Thev may be almost entirely gastnc and lend to the 
diagnosis of gastnc ulcer, which may inde^ exist m the thoracic 
portion of the stomach Strangulation, leading to gangrene of the 
intestine or colon, is usually fatal even with operation Thoracic 
Symptoms such as pain, pain in the ‘shoulder, dyspiiaa and cyancfcis 
are uncommon compared with the abdominal symptoms A bov w lo 
had had sj-mptoms of obstruction for four days at the age of J I 
got obstruction at the age of 19 A week before he had won 
mile race, vet at operation the spleen, the whole of the stomach an 
omentum, most of the small intestine and the colon, with emeum an 
appendix, were found in the pleural cavity. 
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Diagnosis — ^The diagnosis rests on demonstration of \i«cera in 
the thorax bj Xrajs preferablj after a banum meal The examma 
tion should be done with the patient supine and the foot of the table 
raised Eventration of the dnphragm which is much less common 
than hernia maj cause difficultj but usually the opaque meal shows 
narrowing of a hollow viscus as it passes through the hemial onfice 

Treatment — Diaphragmatic hemn should be treated b\ operation 
In S}niptomless cases discovered dunng an \ rav examination and 
m cases without sex ere signs of olistniction or strangulation the 
operative mortalitj is almost nil WTiere obstruction has been 
present for several dajs the mortality is higher In str'uigulition it 
approaches 100 per cent It is reasonable therefore to operate even 
when symptoms are few or absent as sooner or later obstruction or 
strangulation will occur 

Pre-operative treatment — ^The passage of a stomach tube will 
deflate the distended stomach If senoiis vomiting has occurred the 
patient is dehydrated and has lost essential salts He is probably 
'uflenng from acidosis Several litres of normal saline with tho 
addition of calCmm lactate sodium bicarbonate and glucose should 
he given intravenously bi the dnp method Einger s fluid is better 
but IS difTicult to sterilize and is rarely available If mild symptoms 
of obstruction only are present an enema max be given 

Operation — Hemi'c through the oesophageal hiatus are best dealt 
with by an abdominal approach (sre Vol 11) For all others tho 
transpleural route li best The diaphragm is completelv exposed 
and intrathoracic adhesions can be casiU and safely divided In 
some cases an ulcer of the stomach has been found adherent to the 
pencardium and was dealt with by this route ^ITiere adliesions 
to the abdominal side of the opening are present the ring may be 
enlarged by incising the diaphragm if necessary In my experience 
it has never been necessary to do a combined laparo thoracotomy 

A long intercostal incision in the Otli or 7th interspace {sre major 
thoracotomy page 828) gives the best access The vascera present 
are identified and if tho stomach is distended a tube is passed to 
empty it Any adhesions — which are usually only omental — arc 
divided There arc usually adhesions at the lips of the orifice and 
these are carefully separated a finger passed into tlie abdomen as 
soon as a portion of flic ring is cleared will lielpm defining the muscuhr 
edge b\ putting the adhesions on the stretch If there is a pentoncal 
sac which is rare this is also dividetl at the ring Tlie viscera are 
then returned to the abdomen an enlargement of the opening being 
made if necessar\ A pad of gauze or rubber is then tucked into 
the ibdomcn to retain the viscera At this point it is well to pinch 
the phrenic nerve with a narrow bladed arten forceps close to the 
diaphragm to produce a temporarv diaphragmatic paraJi sjv If the 
margms of the opening arc thick and solid they can be closed b\ 
mattress sutures of No 3 10 dav chromic catgut withdrawing the 
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abdominal pad before f jnng the last sutures A second row of sutures 
takes in the free edge (Fig 202 ) ^^’he^e the opening abuts on 
thechest-uall there is sometimes a gap This can be closed by sutures 
passing through the diaphragm and chest-wall In some cases it maj' 
be necessary to resect a short length of two or three'nbs, to mobilize 
the chest wall, so that there is no great tension on these sutures 

In some cases the tissues around the opening maj be little more 
than a laj er of thin fibrous tissue Here it is better to discard catgut 
and use fascial strips, phcating the paralysed diaphragm as much as 
is necessar} It is bad practice to attempt to close the opening bj 
sutunng the stomach or other \iscus in it After closing the incision 
in the chest wall, air should be wthdraum from the pleura b> a 
pneumothorax needle and hoc leaving a negati\e pressure of not 
more than —5 cm of water 

Postoperathe treatment. — A pleural effusion almost ahsa\s occurs 
and should be aspirated from time to time It should be examined 
bactenologicall} each time and if infection — ^vshich is rare — is present, 
the pleura should be drained 


IV. OPERATIONS ON THE HEART 
Aspiration of the Pericardial Sac 

This may be required for the removal of a large serous effusion that 
IS embarrassing the heart, or for the confirmation of the diagnosis of 
suppurative pericarditis before pericardiotomy 

Technique. — Local anjcsthesia is employed The site of puncture 
is m the angle between the costal margin and xiphistemum on the left 
side The needle should be of large gauge w jth a tip that Ins only a 
slight bevel , it is introduced upwards, backwards and slightl} out- 
wards, suction being maintained all the time, as it should onlj just 
enter the pericardial sac If cardiac rhj’thm is transmitted to it. 
its poznt IS w or touching the heart wall and must not be pushed 
any further. 

Pericardiotom\ 

The site for drainage is not so important as in a pfeuraf empjema, 
because once the pencardium lias been opened all fluid is pump^ out 
by the heart action 

Dependent drainage was first ad'oeated by Allingham in 1^00, 
through an extrapentoneal epigastric approacli Tins is a blind 
procedure, as the pericardial sac cannot be inspected, and a very 
simple operation may become an abdominal one with the added risk 
of infecting the pentoneum 

Technique. — Local anasthesia is emplojod An inci'^ion is made 
down the left side of the sternum, and the fifth and sixth cost.il cartil 
ages and intercostal muscles arc resected The costo mediastinal 
smus of the pleura has usual!}' been pushed aside or obliterated b} the 
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dilated pencardmm but care should be taken not to open the pitura 
The intemil mamnnr> \essels are ligated the tnangulan^ stenu 
dmded and the pericardium picked up nith forceps and op<’red 
\\ith a knift hy a \ertical mciMon Immcdiatel} the pus. is squirted 
Molentl> out h\ Ihe cardiac and respiratory mo\cmcnt Drunaee is 
best obtained b} sutunng the cut margins of the pcncardmm to the 
deep fiscn on no account should rubber tubes be used m«iJt th- 
pericardium Tlie pencardium should never be irrigated with Dikm 
solution Claude Beck of Cleveland Ohio his demonstrated b\ 
expenmental work on that this fluid causes severe pencarditi? 

PERICVRDIECTOMV VSD C VRDJOLV sIS 

In cases of adherent pencardium two different anatomicil states 
must be recognired ilthougli the\ are often combined m the 'viire 
patient — 

(1) Obliteration of the pericardial sac with impn«onment of tht 
heart by an idhercnt pinetal pencardium In severe c.i«es» the 
patients present all the signs of cardne failure but w ithout enlargement 
of the heart The pathological phjsiologv of this condition is Kosed 
on impairment in the filling of the heart produced bv a snuglj fiitmi, 
thickened pericardium which also prevents the negative pressure of 
inspiration from helping to fill the right aimcle The treatment for 
the relief of this condition is Ihe removal of the antenor pan of the 
pencardium or pencardiectomy (Delorme s operation) 

(2) Adhesionof the panctal pencardium to the chest wall prevtntmg 
recession of the pcncardmm with the ventricular sv’stolc and in 
consequence causing embarrassment of cardiac action This condition 
is relieved by decostalization of the chest wall ovcrhmg the heart 
as to permit it to move with the pencardium (Brauers. card 

Hie operation usuallv performed for adherent pencardium a 
combination of pericardicctomv and cardioly sis but the tw o operation* 
will be dcicnbed separately 

Pencardicctomy. — The patient is placed in a *emi recumbent 
position on the operating tabic V semicircular incision is madt 
from the antenor end of the third nb above dowai the middle of th'' 
sternum and along the costal maigin below Tlie pcctonhs majcr 
muscle IS reflected with the skin Tlie fourth fifth and si'cih costal 
cartilages are entirely resected with their corrcsponihng mtcrco^tiL' 
The mediastinal structures arc then separated from the sternum bv 
blunt dissection and two-thirds of the sternum removed far 
of three inches The antenor margin of the pleura can then he 
and di'placed laterally bv blunt dissection with sci -^ors and 
The pencardium is inci-cd down to the heart muscle and a hn* ^ 
cleavage sought and the thickened parietal |Kncardium «epan t 
by blunt dissection first from the lift vtntncle and then from o^ 
the nght and base of the heart Can. should be taken to ^ ^ 

phrenic nerv t from the left side of the pericardium Bv Ihi' _ 

It should be possible to resect the pcncardmm from tht wlioie 
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anterior and htcr.il •surfaces of the e\pojcd heart One or both 
pleural cavities may be opened dunng the operation Ihii, is not 
important if the anesthetic is being given b> intratracheal tube 
The aniesthetist distends the lungs at the end of the operation bj 
positive pressure If a small tear ts made in the pleura it may be 
repaired by suture, but there is possibly some advantage in allowing 
the blood-stained exudate which always follows to dram into the 
pleural cavity, from which it can readily be aspirated At the end 
of the operation the musculo-cutaneous flap of chest w all is sutured in 
two layers -without drainage 

Cardiolysis. — A large semicircular incision is made starting from 
the second nb above and running down the mid line of the sternum 
and following the costal margin below The overlving muscles are 
reflected laterally with the skin flap, and the costal cartilages and 
lateral half of the sternum exposed The second to seventh costal 
cartilages and, m addition, one inch of the bone of the fourth and fiftli 
ribs are then resected subpenosteaH5 , and the lateral half of the 
sternum is nibbled away' over the exposed area with rongeur bone 
forceps To prevent regeneration of bone the periosteum is pimted 
with Zenker s solution The musculo cutaneous flap is then sutured 
m two lay era, with a small drainage tube into the wound for 18 hours 

D'ecomprfssion or the Heart 

In certain cases of enlarged heart, espccnlly m children w ith definite 
precordial bulging associated with heart failure that will not respond 
readily to medical treatment, a deliberate decompression of the heart 
may be perfomed The technique is exactly similar to that for 
cardioly'sis, and the results are excellent 

Penetrating Wounds of the Heart 
In penetratmg wounds of the heart which are not immcdntely 
fatal, the patients may die from tamponade due to compression of the 
heart by the collection of blootl in the pericardial cavity On 
examination there may or may. not be external bleeding from the 
injury , the patients are shocked, vvith a weak or imperceptible puKe, 
but not neccssanly of an increased rate, and the area of cardiac dullness 
is considerably enlarged Ikften an implement orlbrergn body s/rowrng 
cardiac movement projects from the chest wall it should not be 
withdrawn until the heart has been exposed by operation 
Operation for suture of the heart wall. — Aiixsthe-ia may be local 
or general A flap of skin and muscle from tlie second to fifth left 
costal cartilages is turned laterally If the left pleura lias already 
been opened by the injury, the pencardium may be exposed by an 
intercostal incision with division of the cartilages at the sternum and 
forcible spreading of the nbs, but m the absence of pleural injurv the 
heart is exposed by resection of the third, fourth and fifth c irtilages 
and intercostal structure^ The internal mammarv vcsscN must lie 
ligated, the pleura carefullv retracted laterally, and then the pen 



876 THORACIC SURGERY 

cardmm incised The blood m the pen ardium ma\ project the heirt 
foni'ard through the opening and as pointed out bj D C Elkin of 
Atlanta if the wound can be seen it should be sutured before the 
pericardial sac is decompressed because then the heart starts to beat 
violently the wound bleeds and the difficult 3 of sulunng is considerabli 
increased Blood escaping from the heart wound is controlled b\ 
placing the index finger o\er the opening and the heart is steadied b\ 
a temporary suture passed tlirough the apex 'Wlule the finger 
controls the bleedmg a suture of No 1 silk on a curxed needle is 
passed through the heart wall underneath it and tied as tlie finger is 
wathdrawn additional sutures maj then be passed if rcquircd. 
Whenever possible the sutures should avoid entering the heart ca\it\ 
All the blood is carefully removed from the pencardmm Tlie sac is 
onlj partially sutured so that the effusion which develops mav escape 
into the surrounding tissues and tlie musculo-cutaneous wound is 
closed with a small drainage tube going down to the pencardiura. 


V OPERATIONS ON THE CHEST-WALL 
Excision of Tuiiouns of the Chest \\ \ll 
These tumours arise from the bone or cartilages of the cliest nail 
About CO per cent prove to be sarcoma 20 per cent chondroma and 
among the remainder manj are osteoma In a eencs of 215 collected 
cases Hedbloom of Chicago showed that 78 7 per cent involved 
the nbs and 21 per cent the sternum Sarcomas capeaall} if tbej 
are large should be treated b> X rav s before excision and for 
nipfdlv growing sarcomas of the chest wall in children this is probablj 
the only justifiable treatment Secondarv malignant growths arc 
best left alone but a metastatic hjpemephroma m a rib diould be 
excised if no other secondaiy growth can be found as these metast'^se^ 
are sometimes smgle Where a c'lrcmom'i of the upper lobe of the lung 
has invaded the chest vsall a wide resection of the chest wall 
the upper lobe in one piece can be done Although the growth mav 
return m the mediastinum the patient is relieved of the pam winch 
is often severe and verj distressing With these exceptions all 
tumours of the chcjt w lU should be excised 
Pnnciples of operation — Anasthcsia is bj gas and oxjgen with 
awtU fitting mask so that positive pressure ma^ be applied if neces^arv 
It IS usuallv impossible to excise a tumour of the nb without 
removing a portion of the panetal pleura and if several nw are 
involved there will be a considerable defiaencj in the ch^t w'aii 
The incision should therefore be so planned tint the line of suture 

does not he over the dcficienc> a horseshoe-shaped incision is usu \ 

the most satishctorj The overlying muscles are 
skm flap and the tumour freely excised Wlien tin 
the coUapse of the lung is prevented bj positiv- 
pressure Attempts at closure of the deficiencj m 


reflected with the 
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e endophar^Tigcal 
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shuffling the nbs or suturing the lung to the margins are not successful, 
but if the musculo cutaneous flap is dra\vn over the deficiency and 
carefullj sutured in lajers it suffices to cover the gap A pad and 
firm dressing is then applied with adhesive, and postoperativ e coughing 
should be prevented by sedatives 

After this operation a pleural effusion usually develops, and ma}' 
require to be removed by aspiration 

Tumours of the sternum are treated on the same principle by 
wide excision 
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OPERATIONS ON THE SPINAL CORD 

By LAMBERT ROGERS 

L'^ ING in the sagittal plane near the centre of axis of rotation of the 
vertebral bodies and co\ ered posteriori} by the bony neural arches and 
their overling powerful muscle masses, the relatively small spinal 
cord is well protected from injury 

The cord, however, is othervMse highly vnilnerable inasmuch as it 
represents, as it viere, a “bottle neck” of concentrated neivous 
pathways leadmg from the relatively massive brain to the extensive 
periphery, so that a comparatively trivial injury to it, whether pro- 
duced by external violence or by pressure from a new growth, may 
result m widespread paralysis Furthermore, there is no regeneration 
of divided pathways in the human cord and thus it follows that, 
from the nature of its protection injuries of the spinal cord produced 
by violence are, fortunately relatively uncommon, but when they do 
occur are likely to be both catastrophic m type and disastrous in effect 

ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS 


Surgical anatomy. Landmarks of the spine — ^The tips of the spmous 
processes may readilv be identified by palpation , the most prominent 
IS that of the 1st thoracic vertebra, but the uppermost spine to form a 



Fig 203 — Cervjcal Tertebra from above with cord i« Situ and axis from 
above showing facets in front of the neural grooves 


visible projection is usually' the 7th cerv'ical (^o called 
prommens ”) except when the neck is flexed, when the fith . 
spine may come to the surface The root of the spine of tlie scap 
normally lies opposite the 8rd thoracic spinous Process 
inferior angle is at the level of the 7th thoracic spine The nig 
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part of the line crest constitutes a verj constant I indmark being on 
a level with the upper edge of the 1th lumbar spine or the space 
between this and the next spine above 
Vertebral column — ’In the cer teal region the spmil canal is rclativtlj 
wide and there is a considerable space between the cord and its bon_y 
surroundings The cervical vertebre are characterized bj the presence 


Fig 204 — Cervical vertebra 
Irom heh nd 


of the foramen for the vertebral arterj and its accompanjmg vein and 
sympathetic nerve fibres Tins arten represents a preneural post 
costal anastomosis (T Yeates) and thus lies in front of the issuing 
nerves Tlic typical spinous processes arc bifid Tins is the most 
mobile part of tlie column and the plane of the articular facets is almost 
horizontal The supenor articular facets m the a\i> and atlas he m 
front of the neural groov cs but m the remainder of the cerv ical v trtebra: 
are placed behind them (Figs 20^1 201) 
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In the thoracic region the spinal canil is rehtn clj narroucr so that 
there is less space between the cord enclosed in its meninges and its 
bony surroundings the lamina are rehtnelj broader Ilian in the 
cer\ncal region and more closely appro\imated to each other and the 
spinous processes are long and obliquely placed The articular proc<s^« 
he m a plane which is almost \ertical and the upper ones look back 
wards and outwards Because of the dorsal comexitj of the spiml 
column m this region and the fact that here the post \ertcbral grooift. 
are relatively shallow and the erector spina; muscle mass is flattened 
and tendinous this part of the spinal canal is the most readily accessibl'* 
to the surgeon (Tigs 205 20C 207) 



Fig 2o8 — Lumbar Tcrtebra from above with Fg 209 — Lumbarvertebir 

cauda equma III r lx fromkerund. 


In the lumbar region the spinal canal again becomes relatively laigi 
in comparison w ilh the space taken up by the cord and its membranous 
covenngs while the individual vertebra: arc altogether more massive 
and the vertebral grooves deeper owing to the greater development 
of the erector spina: muscle mass The spinous processes are stout an 
project almost horizontally backwards in contra-distmction to 0 
obliquely placed spines of the cervical and thoracic vertcbre Ine 
articular processes are vertically placed and tlic upj)cr 
inwards and firmly interlock with the infcnor facets of the ^ 
above so that little or no rotary motion is possible m this part 01 <- 

column This part of the spinal canal is the most detjdv placw an 
least accessible (Figs 20S 209 ) 

The intenertebral discs — Tliese consist of upper and lower P 
of cartilage w ith the annulus fibrosus and the nucleus pulpoius (rema 
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of notochord). The discs give mobility to the spinal column without 
impairing its strength. If either cartilage plate is damaged or the 
annulus fractured, a herniation of nuclear material may take place. 
This extrusion of disc substance may give rise to symptoms.* (See 
p. 405.) 

Spinal meninges. — ^I'he spinal dura mater is a fibrous tube which 
extends .from the edge of the foramen magnum to the second sacral 
vertebra. It contrasts with the corresponding cranial membrane in 
being much less intimately related either to its bony surroundings or 
to its neural contents, since posteriorly it is separated from the neural 
arches by an epidural space, while it forms but a loose sac around the 
cord. Below' the level of the foramen magnum the dural tube is 
unattached posteriorly. It is attached to the bone around the foramen 
magnum and, by means of the Slum teiminale, to tire back of the coccyx 
with which it fuses where it is closed below ; elsewhere the dura is 
loosely adherent anteriorly to the posterior longitudinal ligament, and 
the anterior and posterior nerve roots carry with them tubular prolon- 
gations which blend with the periosteum at the margins of the interver- 
tebral foramina. Because of its dose relationship with the backs of the 
bodies of the vertebrar, which approximates it to the centre of rotation 
of the column, and because of its freedom from attachment posteriorly, 
the dural tube containing the spinal cord obtains the utmost freedom 
from interference by movements taking place in the vertebral column. 
Tlie healthy spinal dura is a bluish pulsating tube covered posteriorly 
by a thin layer of pale epidural fat. On either side of the mid-line lie 
the posterior longitudinal veins, from which fine tributaries arise and 
anastomose with one another. 

The spinal arachnoid is directly continuous with that w’ithin the 
cranial cavity and is a filmy and transparent membrane. If the dura 
is carefully opened so as not to damage the arachnoid, the cord, bathed 
with cerebro-spinal fluid, may be seen through it. Filmy strands 
connect the arachnoid with the pia. Small white calcareous or bony 
plaques occur not infrequently in the spinal aradmoid. Like the dura, 
it gives a sheath to the issuing nerve roots. 

The subarachnoid space, containing the ccrcbro-spinal fluid, is con- 
tinuous above with the cerebro-spinal fluid rescrs'oirs within the skull 
and is closed below at the level of the \ipper border of the 2nd sacral 
vertebra. Tlie cord itself terminates as the conus medullaris 
(terminalis), below which is a large pool of cerebro-spinal fluid (lumbar 
pond) which bathes the cauda equina and the filum terminale. It is 
this pond of cerebro-spinal fluid which is tapped by the lumbar puncture 
needle (Fig. 210). In the adult the conus lies at the lower border of 
the 1st lumbar vertebra, but in early ftctal life the cord occupies tlie 
whole spinal canal and at birth extends as low as the Srd lumbar 
vertebra. For this reason the conus metlullaris may be damagetl by 
lumbar puncture performed on an infant. 

• AUJmuntrif »t Mil DiiUUlii. »evW, lOSj >t«lrr »nd OirT. JOrf. I'O*. 

c»i. 310, ta/lydrew attmlion to luch !«wn». 



Fjg aij — Li*»»m'ntum<f<rt njUtirti 

end fork. {Aj t I ty-tri ) 


g 310 — Extent of dure 
erachnoid end cord 




THE CORD 


883 


The pia over the spinal cord is thicker and stronger than the corrC' 
spending membrane of the brain It is beset n ith fine i essels, and sends 
septa into the anterior fissure and the posterior median sulcus of the 
cord Antenorl}- it thickens to form a glistening band (linei splendens) , 
which IS continuous belou uith the filum terminale 
The hgamentum dcnltadatum attaches the cord to the dural tube 
It consists on either side of 20 22 tnanguIarsJips uliich he between the 
anterior and posterior nerve roots and pass from the pia to the dura, 
to which each slip is attached by its apex midway betw ecn the openings 
in the dura for the passage of the individual nerves (Tig 211 ) The 
lowest denticulation is fork shaped instead of triangular and is crossed 
by the first lumbar nerve * 


The spinal cord. — Somewhat flit 
tened anteropostcriorly in the cerv ical 
region, the cord elsewhere has a 
circular cross section As the issuing 
nerves are given off from it the 
amount of white matter which it 
contains decreases so that tins is 
relatively less in amount in the 
lower than in the upper parts of the 
cord (Fig 21 2 ) Tlie cord extends 
from the margin of the foramen 
magnum to its conical termination 
al the level of the lower border of 
the 1st lumbar vertebra and at the 
sites of origin of tlie limb plexuses 
presents expansions (cervical and 
lumbar enlargements) 

Tlie ccntcal enlargement occupies 
the upper part of the cord and 
extends down to the 2nd thoraac 
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vertebra attaining its maximum 
girth at the level of the 5tli or 
Ctli cervical vertebra The [nmbar 
enlargement begins at the level of 
the 30th dorsal vertebra and attains 
its maximum development opposite 
the 12th, and below* this, rapidl) 
tapers into the conus mcdulfans 
The level of particular segments 
vithin the coni — The cord being 
shorter than the spinal canal, the 
segmental nerves have an oblique 
intraspiiud course between their 
origins and the intervertebral fora- 
mina through which thev leave the 



F»S *11 — ^Transverse section of cord 
at cervical dorsal and lumbar levels 
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canal The length of the intraspmal course of the nerces progres- 
sively increases from above doumiards (Tig 2iS) Although there 
IS a certain amount of v anation the 
follovving statements are sufTicicntlj 
accurate to be of practfcaf x-nlue • 

(<*) The mtraspjnal course m 
creases fairly reguhrl> for t!ie cer 
\jcal and tiwTSCic nencs It is 
about equal to the depth of one 
vertebra for the upper cervncal and 
of two vertebre for the loner cer 
vical of three vertebre for the 
upper SIX thoncic and of four 
vertebra: for the low er six thoraac 
(Thus the 30th thoracic segment 
would correspond with the Gth thor 
acic vertebra ) 

(6) The ongms of the lumbar 
nerves (segments) are opposite the 
10th and 11th thoncic spines 
(c) The origins of the sacral non fc» 
(segments) arc opposite the 12th 
thoraac spine and the mterspmous 
ligament between it and the Isf 
lumbar spine 

Tlie nominal relationship of naves 
and vertebre changes it the SIh 
cervneal nerve ibove this the nerve 
issues abov c the v ertebra of tlie same 
name belon this level the nerve 
issues below the \ ertebn of the same 
name 

The nerve roots — Each of the 31 
pairs of spin’ll nerves an«cs from the 
side of the cord by tw o roots anterior 
and postenor of which the posterior 
root IS tlie larger except m the case 
of the suboccipital nerv e the postenor 
root of which is sometimes absent 
Both roots anse from the cord bv 
fasciculi but whereas those coni 
prising the posterior roots enter the 
cord consccutiv cl) along a cont/nuoiw 
straight line at the bottom of a slight 
furrow those giving origin to the 
antenor roots anse somewhat ir 
regularl) from the anterolateral sor 



ReUt on of Tcrtebr* to 
segments 
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fice of the cord and from an area of some breadth (Fig 21 1 ) Tlie 
ganglia which he upon the postenor roots just before their union 
with the anterior roots to form the 
issuing spiml nerves for the most 
part occupy the interv ertebral fora 
mina 

Blood supply of meninges and cord 
Arteries — Spmal artenes enter the 
spinal canal through the interverte 
bral foramina and give off three sets 
of branches (i) prelainmar to the 
deep surface of the neural arches 
(ii) neural which pierce the dura 
immediitelv above the site of exit of 
the corresponding spinal nerve and 
(m) postcentral which pass inwards 
to the back of the vertebral bodies 
and give off ascending and descending 
branches which anastomose with cor 
responding branches from the artenes I 
above and below In the cervical 
region the spinal artenes anse from 
the vertebral in the thoracic and “ 

lumbar regions from the dorsal 
branches of the intercostal and lumbar artenes respective!} Tvsigs 
aKo enter the spinal canal in the cervical region from the ascend 
mg cervical branch of the mfenor th}roid arterv and m the sacral 
region from the lateral sacral arterj A large number of tortuous 
small artenes maj be seen ramifjing in the pial covering over 
the surface of the cord These arise from five longitudinal trunks 
one of which is the anteromedian arter} while the other four are 
postero latcrall} placed lymg in the sulci m which the postenor nerv e 
roots enter the cord and being related to the antenor and postenor 
aspects of the line of po-^tenor roots These longitudinal tninks arc 
connected abov e witli the antenor md postenor spinal branches of tlic 
vertebral arter} and anastomose wath the branches which enter with 
the nerve roots 

Veins — ^The veins of the cord arc small numerous and tortuous 
but for the most part form longitudinal trunks which ramif} on the 
anterior and postenor surfaces of flic cord and m relation to each set 
of nerv e roots Tlie state of the veins which run longitudmall} on the 
back of the cord is sometimes helpful to the surgeon m enabling him 
to decide whctlicr a lammectom} is above or below a site of cord 
compression because the veins below the site are prominent and con 
gested while those above appear norma] The veins of the spinal 
canal arc large and complex m their arrangement but for the most 
part fonn antenor and postenor plexuses related respective!} to 
the backs of the vertebral bodies on cither ‘ucle of the posterior 
H 
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common bgament and to the deep surfaces of the lamm^e and bgamenta 
subflava Wide channels pass through these ligaments to connect 
w ith dorsal spinal venous plexuses m the vertebral grooves Branches 
also traverse the intervertebral foramina to ]om the postenor branches 
of the mtercostal and lumbar veins At the base of the skull the \ enons 
plexuses enter the basilar and occipital amuses and gi\ e off branches 
which emerge above the neural arch of the atlas to form the ongm 
of the vertebral vein 

The cerebro>^pinal fluid is formed bj the choroid plexu'es w the 
cerebral ventricles and m normal subjects its total quantity is from 
110 150 c c Fluid produced by the plexuses of the lateral ventricles 
enters the 3rd ventncle through the foramen of Monro on each side 
and IS here added to by that produced b\ the plexus of this lentncle 
It flows backwards through the Sj Ivian aqueduct into the 4th \ entncle 
ivhere it is. again added to by the plexus here and in addition to filling 
the \ entncle occupies the central canal of the cord Leaving the 4th 
ventncle through the large median foramen of Magendie and the 
laterally placed foramma of Luschka it fills the basal cisterns and 
traverses the cranial and spinal subarachnoid spaces It is absorbed 
by the arachnoidal vilh into the intracranial venous sinuses TIic 
production passage and absorption of the fluid has been termed the 
third circulation (Haivey Cushing) 

Spinal shock is the phase of suppression of function m that part oi 
the cord suddenly isolated from the rest of the central ner\ ous sj stem 
It IS thought to be due to a sudden interruption of impulses passing 
down the cord and not to a general depression in vitalit\ consequent 
upon the injury This is supported by an obsenation of Gordon 
Holmes that m a uiulateral lesion of the cord epmal shock may be 
confined to the mjured side Its duration vanes considerally both m 
animals and man but in human adults may last 7 10 days or longer 
Dunng this penod reflex actmU is absent except in those parts which 
are supplied from the most caudal segments of the cord thus follow ing 
a high thoracic transection there is complete flaccid paraly sis below 
the level of the section and retention of urme and feces but after a 
week or ten days when spinal shock has passed off reflexes return and 
retention is no longer complete small quantities of unne may now 
be expelled from the bladder and a reflex type of mictuntion come 
about so that it discharges itself at mterv^als 

The bladder — ^This automatic bladder is an excellent example 
of how smooth muscle adapts itself to carry on its original fuiKtions 
after tlie loss of its extrinsic nerve supply The fluid content sufficient 
to exate the local vesical emptying reflex vanes uitlun rather wide 
limits but IS usually somewhere about 800 c c The automatic action 
may be hampered in cases m which the motor nerves (nervi engentes 
S 2 S 3 occasionallv S 4) or their centres of origin have been damage 
while the hvpogvstnc inliibitory nerves from the lumbar svmpatlie ic 
ganglia are left intvct Tlus may occur in crush or other injuries o 
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the conus meduUans when improxement maj follow presacral sjm 
pathectomy which b> lessening splimcter tone and bj withdraw il of 
the inhibitory impulses to the bladder muscular tone assists the 
estabhshment of the automatic action Surgery of Sympathetic 
Nervous S\ stem Vbl II) 

Care of the bladder in paraplegic cases — Infection occurs much more 
readily man over distended bladder with a stretched musculature than 
in one m which muscle tonus has been maintained and the mucosa 
protected from the stretching which interferes wath its blood supply 
Distension therefore should be prevented cither by frequent cathe- 
terization b\ the use of an indwelling catheter or bj establishing a 
suprapubic evstostomy When repeated catheterization is carried out 
this must be gently and carefully performed because injurv however 
slight like overstretching is conducive to infection An indwelling 
catheter with an apparatus to effect tidal drainage has proved effectiv e, 
Hexamine and sulphonamidcs should be administered (srr also p 421) 
Conduction in the cord — ^The position of the chief conducting tracts 
IS shown in Fig 215 Once transected regeneration does not occur in 



Fig 2x5 — Transverse sect on of jp nal cord showing chief motor 
and sensory tracts 

the hfiman cord and all attempts to suture divided cords have proved 
futile Although regeneration occurs, m fish and amphibians eg tlie 
lopped off tail of the newt is reformed and with it the terimnal part 
of its cord m mammals there is no batisfactorv ev idtnce of regeneration 
either in feetuses or adults • Although when completciv severed tin. 
cord lacks the power of regcneratuig it may yet be compressed to a 
surprising extent and recover its function when the compression 
is relieved This power of recoverv is> greatest in children and young 
adults (Wilfred Trotter) I have recorded a case m which the cord 
was so flattened by a tumour as to resemble a piece of tape but the 
patient a girl aged 1C who was tomplctely paraplegic and incontinent 

• Sr« D ll/wkrr /aunt Corny \n d l«r 1x1 S71 
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at the time of remo\al of the tumour, had within four months fuIU 
reco\ered both sensation and motor power, as well as control of the 
sphincters * 

Elsbergf has pointed out that the more peripheral dermatomes are 
represented in the cord hy tracts which he external to those insing 
from more central dermatomes, and it is therefore sometimes possible 
to differentiate pressure from without the cord (e g extramedullary 
tumour) from pressure from within the cord (e g intramedullan 
tumour) since m the former case there is a progressne march of 
symptoms from the periphery towards the trunk, i e symptoms appear 
m the foot before the thigh 


PUNCTURES OF THE MENINGES 


Spinal Puncture 

This may be undertaken for diagnostic or therapeutic purposes or 
for inducing ansesthesia Puncture is most often performed in the 
lumbar region where the lumbar pond of fluid is tapped and in the 
suboccipital region, where the cisterna magna (cerebeUo-medulIans) 
IS entered Lumbar puncture as we know jt to day dates from 1S9I, 
when It was first earned out by Hemnch Quincke of Kiel, while cisternal 
puncture was first performed m 1908 by Alexandru Obregia of 
Bucharest J but was not adopted as a routine procedure until 1919, 
when Wegeforth Ayer and Essick earned it out in the United States 
and published details of their method of performing it || 
Indications.— Spmal punctures are made to obtain cerebro spinal 
fluid for chemicd cy tological and bactcnological examination , for 
the measurement of the fluid pressures , as a means of draining the 
subarachnoid spaces for the mtroduction of therapeutic substances, 
for the introduction of air either for the purpose of investigation or in 
order to break down arachnoidal adhesions and open up the fluid path 
way s for the introduction of radio opaque oila to ascertain the condi 
tion of the spmal subaraclmoid space radiologically and for the 
induction of spinal anasthesia {see p 393) 

Dangers and complications. Damage to cord and infection — If m 
correctly performed the cord itself or the medulla at the cistern may be 
damaged and htmatomyelia and interference with conduction r^ult 
meningitis may occur if aseptic precautions are not fully ob'ien cd and 
it shoidd be remembered that the cerebro spinal fluid, unlike the blcKKl 
is devoid of antibodies 

Damage to mtervertebra! discs — If the needle pomt traven'to the 
dural tube and enters an intervertebral disc a fissure may be produce 
in the annulus through which nuclear material mav subsequen ) 
hermate § (See p 406 ) 
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lumbar puncture 




Medullary compression — In cases of infernal hydrocephalus and 
raised intracranial pressure (eg such aj» ma\ result from a tumour in 
the posterior fossa) m ^\hich there ib herniation of the cerebellar tonsils 
through the foramen magnum the withdrawal of fluid bv lumbar 
puncture may by reducing the content of the ater-cushion belois the 
tonsils permit further herniation and a sudden fataht\ may take 
place from medullary compression The danger of lumbar puncture m 
cases of high intracranial pressure (i e cases with highly clicked opfic 
discs) cannot be overstated 

Headache — Deviations from normal intracranial pressure either m 
a positive or negative direction may result in headache and the lower 
ing of pressure following spinal puncture may be followed by trouble 
some headache which persists for some time Tins can often be relieved 
or avoided altogether by lowering the patient s head and giving a large 
quantity of water to dnnk Acet\ l^ahcy lie acid is a useful analgesic 

Technique — Lumbar puncture may be earned out either with the 
patient seated (Fig 21G) or lying on the side the left lateral position 



IS the one usually adopted (Fig 217) The needles in use a ary and 
may be of cither the coarse or gentil tape or adapted to fit a 
manometer (Figs 218 210 220) The spine should be arched 
backwards so as to open the interlaminar spaces this is cfiecled by 
flexing the patient s head and thighs as much as possible It should 
be remembered that pro\ idcd tlie subarachnoid space is not obstnicted 
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Fig. 2x7. — Led lateral position for lumbar puncture. 


the pressure of the fluid in the lumbar pond will vary with the level of 
the patient's head in relation to that of the pond. 

The skin of the lumbar region 



pjg — ^Lumbar puncture needles. 

Needles of a much finer calibre are 
also used. 


havdng been carefully sterilized, that 
point is noted at which a line con- 
necting the highest parts of the iliac 
crests crosses the line of the verte- 


bral spines. This point may con- 
veniently be found by using the ■ 
edge of a sterile towel stretched 
across the spine from the maximum 
point of convexity of each iliac 
crest. It lies either over the -Ith 

lumbar spinous process or the inter- 
space just above this process, i.e. 
between L.3 and L.4. This particular 
space may be selected or the one 
above, i.e. between L.2 arid L.«, 
since in either case the needle wu 
enter the lumbar pond below the 
conus medullaris. A wheal of local 
aniesthetic should first be made 
with a very fine and M;dl-5hai^no 
hypodermic needle. Through 
wheal more amesthetic is injected 
along what is to be the 

the spinal needle. The spinal neeifle 
should be entered direcUy m the 

midline, midway between the pm 

ous processes, and hepl stn } 
the sagittal plane, wth its p 



LUMBAR PUNCTURE 


8’U 

directed slightly towards the head 
the point IS felt to strike a lamina, its 
direction must be changed, still keeping 
the needle shaft strictly in the sagittal 
plane, however, so that the point pene* 
trates thehgamentum subflavum betueen 
the lammie At a depth of approximately 
1 cm bc\ond the ligament, the point of 
the needle is felt to be free and, on with- 
drawal of the »t}Iet, fluid escapes m 
drops 

Lumbar puncture presents few diflicul- 
ties, but in some cases there is a failure 
to withdraw the fluid This generallj 
means that (he needle has passed along- 
side and not penetrated the dura In 
these circumstances a few drops of blood 

Fig aig — Syringe and needles 
used m spinal puncture 

may escape owing to injurv to 
one of the veins If this occurs. 

It IS preferable to withdraw the 
needle, washitwith sterile saline 
solution and re-insert it If the 
needle strikes bone, and it is not 
possible to make it slide over its 
edge, It IS also better to with- 
draw and re-insert it With tlie 
spine honzontal, the head in the 
sagittal plane and the patient 
breathing quictJ}', normal 
pressure of fluid in the lumbar 
pond IS approximately 120 mm 
of w'ater Coughing straining 
and pressure on the great veins 
at the root of the neck nor 
mally cause nses m the pressure 
Jugular compression normall> 
causes a rapid rise to 800 mm 
or more of water (Queckenstedt 
phenomenon) * 

CisTERyAL Puncture 
This maj be earned out w ith 
the patient Ijing m the lateral 

• Zur OujtioM (!-r RUckmmarlukoinerrMlCTn 
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position, but IS most convenientlv performed when he is seated with hb 
head facing directh fon\ard>. i e in the midlme, but flexed «o that the 
chin IS on the chest while an assistant stands m front and steadies the 
head m this position (Fig 221) Hie hair has first been sha\ed ofl tlie 
back of the head and the skin of this region and of the back of the neck 
has been stenlized An ordmarj lumbar puncture needle is used, and 
IS passed so that the point enters in the middle line midwat betucen 
the postenor arch of the atlas and the under surface of the occipital 
bone The needle point is directed upwards until it stnkes the under 
surface of this bone and then wath the point against the bone and 



Fig 22J — Cisternal puncture In practice the face u shut oH by a slenle teweL 

stneth in the middle line it slowh passed fonvirda until it 
to penetrate the postenor occipito atlantal ligament (fig 222) The 
stjlet should be withdrawn a small syringe altadicd to the tietdie 
and the plunger of the s\ range w ithdrawai because the fluid m the cistern 
when the patient is in this position is at a pressure slightiv btlow atm^ 
sphenc and does not therefore alwa\s well out spontaneoush when the 
cistern is entered With the technique desenbed the netdJe enters 
the cistern at its wadcst part immediateU below the postenor marpn 
of the foramen magnum At this site the needle point is usuaJh 
separated from the medulla bj a dbtance of about 2 cm , ^ i 
In cases of suspected spm^ compression 1-2 c c of heavA hp* ^ 
ma; be introduced through tlie needle into the cistern and the pa an 
subsequenth X raved to ascertain whether the 
dunng Its course through the subarachnoid space loward> the * 
limit of the meninges (Plate If facing p 2^^) 



ALCOHOL INJECTIONS 893 

Alcohol iKjEcniONS by Spinal Puncture roit the 
I^CL fcr OF Pain 

In 1931 A. M. Dogliotti,* of Turin, suggested the use of intrathecal 
injections of absolute alcohol as a means of alleviating intractable 
pain. Such a simple procedure is of a comparatively minor character 
compared M’ith chordotomy (p. 402) or rhizotomy (p. 401), and if safe 
and effective would have mudi to recommend it. Alcohol has a lower 
specific gravity than cerebro-spinal fluid, and by placing the subject 
in a position in which the posterior roots were uppermost, it was 
hoped that it would be passible to attack the posterior roots while 
leaving the anterior unaffected. Care being taken to avoid injury 
to the cord, a small lumbar*puncture needle is used to inject 0.2 -1 c.c. 



of absolute, alcohol in the vicinity of the roots conveying the painful 
impulses, the patient lying prone and being kept in this position for 
at least ten minutes after the injection. In a lew patients symptDm<i 
may be relieved almost at once, in others within a few hours, but 
paraplegia has followed in some cases and little or no relief of pain in 
others. Sphincter disturbances, manifested by retention or incon- 
tinence of urine or faices, may also occur but have usually disappeared 
witliin a fortnight. The procedure must be described as uncertain in 
its results and fraught with the possibility of unpleasant complications. 
Chordotomy or rhizotomy are more accurate and more certain. 

Investigation or the Subaiiachnoid Space in SusrccTEn 
Spinal Cord Cosiprcssion 

There arc two methods of ins'cst/gating the condition of this .space ; 
(1) by means of physical and cliemical cliangcs in the ccrcbro-spinal 

* rr m‘d , kulx, 12(9. 
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fluid (2) bj radiographj after the introduction of innocuous opaqj* 
substances Chemical c\ammation of the fluid obtained b\ lumbar 
puncture luU show whether there is exidence of lumbir stignatinn 
the chief indication of which is increase in the protein-content without 
cellular proliferation while the Queckenstedt phenomenon— the eficci 
of jugular compression upon the pressure of the cerebro-spmal fluid 
m the lumbar pond— will enable inferences to be draw-n as to the 
presence of complete or partial obstniction to the space (spinal block) 
(Fig 228} 

The chief contrast media to be used in the spinal subarachnoid 
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Fig 223 —The Queckenstedt phenomenon. The «jtow$ md CAte the enstt 
&ad release of jugular compression. 

A normal pmsurc vs * FrrertmilKtonot WTtto-Trualfo>d >0 ib«mb*fs hnoal tparr S 
block C mfoen^cit tomal btock— a tiprd bat o c y rif twl So breanssof panalob* rac »» 

a As nmx out and d uynS <aIL In ttw taar u am rd (bn due to a usaU nmu {vnu lvk( U tnx>( «< Iv 
cetd. nhicb [mtisubir a nt bke a bait vaJ t 

Space haa e been air and iodine containing oils Of these perhaps 
the best kmown and most useful is hcaa*} lipiodol a sterile popp' 
‘teed oil containing 40 per cent of iodine first used in 1^21 b} ''fcaro 
and Forestier of Pans * Introduced into the cistema magna b> 
suboccipnal ptmauTt (p The blob of this Tadio-opa-qwe oU w 

falling through the subarachnoid space is arrested at a site of ob'tn.c 
tion The appearance of the arrested blob is sometimes a clue to iK 
nature of the obstruction so that from its shape it is 'wmetimcs po^«il 
to distinguish eNtramedulIar> from intramedullarj tumours o' to 
recognize a condition such as meningitis circum-cnpta sc'O^i (‘'•'^ * 
II p 249 ) , 

While lipiodol should not be used indi'scnmmatclv as a ^ 
diagnosis its use in suspect cases of spinal cord compression is ^ 

and justifiable It mav be cmploaed with advantage also m 
majontj of cases of spinal tumour c\en tho-'C inwhich the 
w ell-established and the lea el of the lesion definite because the pr 
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anatomical relationship betw een segments of the cord and the bodies 
and spines of the vertebra is somewhat variable Although clinical 
examination may definitely indicate the site of the tumour at i 
particular segment the use of hptodol so localizes this segment tint 
its exposure may be made with the removal of a minimum number 
of laminai 

LAMINECTOMY 

Indications. — ^The operation may be indicated for (I) some cases of 
spinal injury , (2) certain inflammatory lesions (3) tumours of the 
cord or its membranous or bony coverings , (4) spinal hydatid disease , 
(5) relief of pain by division of posterior nerve-rOots or the sensor) 
tracts within the substance of the cord , (6) division of ner\ e roots 
other than for pain e g , m conditions such as spasmodic torticollis 
and hyperpiesis , (7) section of extra pyramidal tracts for such condi- 
tions as athetosis , (8) cases of herniation or prolapse of intervertebral 
discs , (9) certain cases of syringomyelia , and (10) certain other con- 
ditions such as compression paraplegia produced bj Paget's disease 
(see p 430) 

1 Injuries — Laminectomy is only rarelj called for m cases of 
injury Prom time to time surgeons have advocated immediate 
operation on all cases in which the condition of the patient permits, 
chiefly with the object of carrjnng out intra pial decompression A R 
Alien* showed experimentally that the symptoms produced by severe 
contusion of the cord may be relieved bj incising the dorsal column at 
the level of the injury, thus allowing the swollen fibres to expand and 
htcr to recov er As an emergency operation in man however, it must 
be remembered that the mortality is likely to be high and, except m 
expert hands, further damage to the cord may be produced bejond 
that of contusion In the majority of cases of fracture dislocation an) 
damage to the cord is done by a sudden nipping at tlie time of the 
accident The cord may be contused or lacerated and a h cmato mj elia 
may arise at the site of the damage, but these are not lesions for which 
surgery is indicated Extra medullary haimorThage of sufficient 
degree to cause compression of the cord is almost unknown,! and 
provided early and complete reduction of a fracturc-dislocation is 
elTectcd, and maintained bj a plister-of-Pans jacket, the coni is very 
unlikely to be compressed subsequently If there be any doubt is 
to whether there is cord compression, the state of the subarachnoid 
space should be investigated {see p 894) 

Injunes of the cord in civil life are nearly always associated with 
fracture-dislocations of the vertebre The great majority of these 
lesions arc produced by hypcrficxion and commonly occur in the 
lower cen ical (e g , diving into shallow water) and lower thoracic and 
upper lumbar regions (e g , falls of mine roof cargo, etc on the bent 
shouldere) From the very first moment, the patient must be guarded 
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against further flexion of the spine which may convert an incomplete 
into a complete lesion e g m the case of the more common thoraco 
lumbar lesion he must be earned from the site of the accident fulh 
prone so that the body w eight Keeps the spme extended The spinal 
column must then be immobilized in n. position of hyperextension bj 
means of a plaster jacket 

The question of laminectomy in spinal injuries is a difficult one 
and any decision regarding operation must depend upon a conception 
of nlnt surgical intervention might be expected to accomplish 
Pressure on the cord may be exerted by a missile or in dnven fragment 
of bone and while the resulting compression is not progressne and 
therefore does not demand immediate relief reco\ery of a contused 
cord may be delayed by the presence of the foreign body Laminectom} 
in such cases may furthermore prevent late complications such as 
cicatricial contraction and interference with the cerebro spinal fluid 
circulation 

Gunshot injuries — If seen early eg withm eight hours and if the 
patient s condition permits excision of the wound should be earned 
out at once and the spine immobilized in plaster If as sometimes 
happens there has been a good deal of loss of substance so that after 
excision it is not possible to approximate the wound edges a vaselined 
gauze pack should be introduced into the excised w ound and the spinal 
column immobihzed m a plaster jacket Dusting the excised wound 
with powdered sulphanilamide or sulphathiazol appears to be a 
valuable measure The case may not howeier be seen until some 
time has elapsed and the problem of operation is then complicated 
by the almost inevitable infection of the tissues No operation which 
entails openmg the theca is permissible in the presence of a septic 
w ound on account of the danger of causing septic meningitis 

Except m the early case of compound injury when the operation is 
performed with the object of protectmg the patient from infection 
laminectomy is better avoided dunng the period of spinal shock (sf« 
p 38G) when the functional depression may be sufficient to turn the 
scale against recovery from w hat is a severe operation Furthermore 
during the phase of spinal shock it is not possible to estirnate tlie 
degree of damage to the cord nor to recognize whether the lesion la 
complete or not and operations for complete transierse ® 

the cord are futile Once the cord has been complete!}' m\ide 
recovery of its distal part does not take place This does not app > 
to the elements of the cauda equma which like meduUateo 
should be sutured when divid^ Successful suture of 
equma must however be exceedingly rare The Official -His ^ 
of the 1914-18 War states It is a little remarkable that not a smgie 
example has been met with in which the cauda equma has 


sutured ^ 

Once spmal shock has passed off it becomes important . 

whether the cord lesion is complete or not "Diis may be app 
from the nature of the injury which maj be such that it is ce 
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cord his been divided e g , gross displacement of vertebrii upon one 
another together ^\lth complete absence of any e\idence of con- 
duction , but m most cases a decision has to be made from neurologicil 
examination alone It should be remembered that a mass ilexion 
reflex with a return of knee jerk and ankle jerk may sometimes be 
present with a complete transverse lesion of the cord and hence is of 
no decisive value Spastic paraplegia in extension howc\er, means 
tint the spinal reflex arcs are m commumcition with intracranial 
centres by means of the extrapyramidal tracts and therefore tint the 
cord lesion is incomplete sumJariy if there is any sensation of hght 
touch over the skin of the limbs distal to the site of injury of the cord, 
the spino thalamic tracts are capable of some conduction and the cord 
lesion IS incomplete 

If, when the penod ol spinal shock has termmated, there is e \ idence 
that the cord lesion is not complete lammectomj is mdicited if 
(rt) gross bony deformity is present or a missile is demonstrated 
radiologicallj in close proximitj to the cord Operation, b> removmg 
the source of a local reaction wall now assist the restoration of con 
duction and guard the patient from complications m the form of scar 
tissue and adlicsions , (6) an arrest takes phee in the reco\ er\ of 
conduction through the damaged cord i e , the patient's progress 
ceases to be maintained , or (r) there is persistent and severe 
root-pam 

In later cases the problem is simpler The onset of anj sj mptoms 
pointing to late local reaction e g , root-pam or meningitis circum- 
scripta serosa calls for lammcctom> 

The Indications for operation in cases of spinal cord injurj ma} be 
summarized as follows — 

1 Earlj cases of compound fracture when the patient's 
condition permits immediate excision of the wound 
with the object of guarding him from subsequent in 
fection 

2 Cases clinicallj mcompicte from the beginnmg m which 
progress becomes retarded or arrested 

8 Cases which when spinal shock has passed off prove to be 
incomplete lesions 

(fl) If the progress is not mamtamed 

(b) If a foreign body or piece of bone is Iving m close 

proximity to the cord 

(c) If there is contmued sepsis 

4 Cases showing the onset of sy mptoms at a late period 
2 Inflammatory lesions — Generally speaking intramedullary inflam- 
matory lesions arc not amenable to surgical treatment A few 
rare cases of abscess m the substance of the cord with recovery of 
function following laminectomy and evacuation have however, been 
reported * 

•*A.J Wilton, 1919 ‘ 2<S II " WoKnuajndA W A<iv»,Cr«x 
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Infiaininatory lesions of the meninges are either acute and diffuse 
or localized and chronic In the former no impro\ement can as a 
rule be obtained from operative means other than bj repeated drainage 
b} spinal punctures The more chronic forms are either due to 
svphilis when the Wassermann and Kahn reactions will be helpful 
and a course of anti luetic treatment will be gi\en a tnal before 
operation is undertaken or else constitute meningitis circumscnpta 
serosa (chronic spinal meningitis of Horsle} ) The latter condition 
ma> clmicallj simulate spinal tumour but generally speakmg because 
of Its rather diffuse character js more difficult to localize to a particular 
segment or segments The appearance of the lipiodol blob is character 
istic and serves to differentiate the condition when occurring m a 
localized form from spinal tumour (Plate II facing p 249) Tlie 
findings at operation are charactenstic the arachnoid is matted 
into strands which have an opaque rope-hke whitish appearance 
suggestive of previous inflammation As a rule some impTO\ej7]ont 
follows the freeing of the cord from these strands but rdapscs are 
common 

Infianimator\ changes in the substance of the bone ma) be due 
either to osteomyelitis or to tuberculosis m\vhjchcaseradiologyma> be 
helpful in establishing the diagnosis If osteomyelitis is recognized 
at should be treated before there is eiidence of cord compression 
Experience has shown that m the chronic vaneties particularly 
tuberculous reco^ ery nearly always follows the application of adequate 
ammobilization and general treatment and such measures therefore 
should alway s receive a tnal before operation is considered Operation 
however may be required (1) if there is a progressive increase of 
symptoms m spite of orthopadic treatment (2) if there are distressing 
complications such as severe root pains or (S) if symptoms appear 
late and are due to scar tissue 

Intraspinal abscesses have occasionally been met with the ongin 
of which IS obscure 


3 Spinal tumours* — Tumours may anse from the vertebre the 
meninges the cord itself or its nerve roots Anatomically they may 
be classified as extra or intra thecal and as extra or intra medullary 
pathologically as either benign or malignant pnmary or secondary 
while histologically the varieties are many A review of a large senes 
of cases show s that more than three fourths of all spinal tumours occur 
outside the spinal cord and that these extramedullary tumours are three 
times more frequently met with inside than outside the theca Of 
mtrathecal tumours more than two thirds occupy a dor«al or 
lateral position in relation to the cord Tumours of the cord and 
meninges occur most frequently m the thoracic region Intrathecal 
extramedullary tumours are usually either meningiomas arising m the 
arachnoid or neurofibromas arising from nerve roots f 


• Victor Harsle> m 
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It IS important to diagnose, localize and operate on cases of spinal 
tumour as early as possible In a few cases this may be done before 
compression his produced paraplegia, but the mijontj do not present 
themselves until some degree of paraplegia is estabhshed Obscure 
cases of spastic paraplegia should alvva3s be regarded as suspect cases 
of spinal tumour and the condition of the subarachnoid space investi- 
gated for evidence of encroachment upon it (spinal block) 
p 894) I have remo%ed tumours from several cases which had been 
regarded as suffering from disseminated sclerosis 

Spinal tumours exerting pressure on the cord must be differentiated 
from other causes of cord compression and from degenerative le:sions 
withm its substance, because m each case a clinical picture of para- 
plegia or quadnplegia is produced by interruption of conduction 
The condition of the subarachnoid space (p 894) is all important in 
differentiating compression from degenerative lesions within the 
substance of the cord • 

Compression paraplegia of rather abrupt onset is frequently due to a 
metastasis m the spine and careful examination should be made to find 
tlie primary tumour I have met paraplegias of this tjqie in which the 
primary tumour was in the thyroid gland, the colon, and the testis 
respectively 

The clinical course of the great majontj of spinal tumours in 
comparatively slow but steadily progressive witliout remission (“ slow 
but remorseless,” Percy Sargent) By contrast, m acute inflammatory' 
conditions such as extradural abscesses, the course is relatively short 
.“Uid associated vvitli pyrexia, while in chronic inflammatory lesions, 
sucli as meningitis circumscripta serosa, the course tends to be a variable 
one with remissions, .ind the segmental level indicating the site of 
compression is indefinite and variable In Pott's disease there may 
be characteristic X ray appearances and in hvdxtid disease the blood 
picture and the cutaneous and scrum reactions ma\ establish the 
diagnosis In a senes of spinal^tumour cases it was found tint a 
feeling of coldness or numbness, especially in one foot, was freijuentlv 
the initial sj mptom, but that m others some form of girdle pam occurred 
at the onset , while m still others weakness (e g , of the arm or dragging 
of a leg) was the initial symiptom * Tlic Brow n-S^quarcl type of 
paralysis which is consequent upon a unilateral cord lesion {i c , motor 
paralysis on the side of the lesion and loss of pain, temperature and 
tactile sensation below the lesion on the opposite side) is only rarclv 
seen and then usually m association with tumours m the cervical 
region A partial picture was produced in one of my patients, a 
man aged 2 J, who had a large tumour compre&smg antcro hterallv 
the 1st and 2nd cervical segments on the right side The rants of 
the Brown-Sequard phenomenon probably depends upon the fact 
that even small lateral displacements of the cord by tumour result m 
compression not only on the side of the tumour, but also at the div 
metncally opposite point m the spmal canal, at which the cord is 

•A.M KfontJy an<l l^mbm ir'X I 1. 
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displaced against the bone B3 the tune the majorit\ of laterall\ 
placed tumours manifest their presence hemt-compression has become 
bilateral compression The greater transverse diameter of the cervical 
part of the vertebral canal probablv accounts for the occasional 
presence of the sjmdrome in association with spinal tumours occurring 
in this region 

Schultze of Berlin * Geoffrey. Jeffersonf and others including 
mjself have noted the comparabve painlessness of certain spinal 
tumours Some form of girdle pain however is often prominent and 
this root pain has sometimes led to mistakes m diagnosis A patient 
with a spinal tumour which I removed had previouslv had appendicec 
tom\ performed and an evploration of kiihiev advised for root pain 
the nature of which had not been recognized The possibihtv of root 
irritation as a cause of pain should al\va>s be kept in mind 

An even commoner mistake than failure to recogmze root pam 
however is failure to differentiate between spmal tumours and 
degenerative legions in the substance of the cord of which the com 
monest is disseminated sclerosis In five of mj senes of tumour cases a 
diagnosis had at one time been made of disseminated sclerosis m two 
of them by two different consultants { In miners manv of whom 
hav e n> stagmus there is perhaps an even greater tendencj todiagnoe 
disseminated sclerosis We should therefore be suspicious of a 
diagnosis of disseminated sclerosis especial!) if the clinical course is a 
steadilv progressive one If there is the least doubt it is better to 
regard the case as a spmal tumour suspect and to investigate the 
condition of the subarachnoid space for the presence of obstruction 
If obstruction exists then the case becomes more than suspect and 
exploration is called for || 

4 Hydatids — In 1 897 Sir Victor Hor^lej reported 5 a man 
with symptoms of compression at the level of the region of the Srd 
lumbar nerve on opening the spine at the 12th dorsal vertebra we 
found it was due not to a new growth but to a multiple hy datid cvst 
of the vertebral column Many cases have been reported since and 
in areas where hydatids are found such a cause of compression hds to 
be remembered The Casoni reaction may be positive and the blood 
picture often shows an eosinophilia The cysts are extradural and 
usually multiple (Fig 224) and ma\ deeplv mvade the bodv of one 
or more vertebra 

5 For the relief of pain by division of posterior nerve roots or the scrwory 
tracts within the substance of the cord — The demorahzing c ^ 
of the contmued exhibition of analgesic drugs such as morphia 
called forth efforts to relieve intractable pain by surgical means 
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the level of the spinal cord there are two methods a% ailible (i) division 
of the postenor spinal roots convejing pam impulses into the cord 
(posterior rhizotomj) and (ii) section m the cord itself of the tracts 
conducting painful sensor\ impulses to the brun 

(i) Postenor rhizotomy — Since it was first suggested in 1888 bj 
Charles Dana as a means of relieving pain the operation has also been 
performed with the object of abolishing or diminishing spasticitj It 
IS frequently known as roen»ter s operation after Otfned Foerster of 
Breslau who developed the technique and brought the operation to 
the notice of the profession Foerster performed posterior rhizotomv 
for gastnc crisis in the belief that the pain was due to the evalted 
activitv of the reflex arc * and for spasticity resulting from cerebral 



Fig 224 — Hyditidcrstsmar cause cord compression 
necessitating Ummectomjr Those shown were a 
cause of extradural compression paraplega (4D) m 
a man aged zo and were reraOTCd by laminectomy 

lAtlner iroit) 

diplegia (Little s disease), since it hid been observed that if a patient 
with disseminated sclerosis developed a postenor column and root 
lesion e g , tabes, the spasticitj due to the sclcrosu. tended to decrease 
as the postenor-column disease progressed 
For tngemmal neuralgia postenor root section is eminently success 
ful and has the great adv antage tliat since the section is made central 
to the Gissenan (postenor root) ganglion regeneration docs not take 
place and the relief of pam is therefore permanent Similar relief 
follows m cases in which pam anscs from I'^olited spmal nerve's os m 
persistent mtcrcostil nem^gia Except for such coses however, and 
cases of pam due to the postenor roots themselves being involved in 
some disease process c g strangled by arachnoiditis or damaged b^ 
mjur>, the results of posterior rhizotomj as an analgesic measure are 
unsatisfactorj Tins is chieJij owing to the- wade sensorj overlap 
which necessitates the division of a large senes of roots, and to the fact 
that, owing to interference with reflex activatj , such extensive division 

• Surf Opt ObOtt^ 1919 X i. 
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cannot be earned out wthout causing ataxia If the whole of the 
postenor roots of a limb plexus are severed, the limb becomes prac 
ticallj useless Except, therefore for local root lesions for which 
posterior rhizotomy is obviously indicated chordotomv is the 
procedure of choice for the relief of pain Tlie results of pcbtenor 
root section performed for spasticity have not been encouragmg 
(u) Chordotom^, (A) Anterolateral tract section— In 1910 
A Schuller of Vienna,* suggested division of the antero-Iateral tracb 
for the gastnc enses of tabes and introduced the term chordotomi 
for the suggested operation The following year W G SpiUer, of 
Philadelphia, carefuUj obsen'ed a patient who had completely lost 
pam and temperature sensations m the lower limbs and at autopsy 
was found to have had each Gowers (antero-lateral) tract destroved 
by a solitary tubercle Spiller suggested that this tract might be 
divided for the relief of pain m a case of malignant grow th in the cord 



Fig 2^5 — Diagram showing extent of section 
made m chordotomy for the relief of pam 

The operation was performed on January 19, 1911, by Edward Martin 
who divided both antero lateral tracts to a depth of 2 ram at the jet el 
of the 7th dorsal vertebra Pam was alleviated and a year later 
SpiUer regarded the result as successful t 

The antero-lateral section of the cord should mclude a small 
of the antenor column of grey matter, smee it is held by some tea 
visceral sensations are carried therein by short chain pathways 
(Fig 225 ) The pain fibres cross obliquely m the cord and in order, 
therefore to ensure their complete division the level of the sec i 
should be at least four segments abov e tiiat of the lesion The cUvi- 
Is, usually earned out at the 4th 5th or Cth thoracic segment, 
three iammae bemg removed for the purpose High cervical opera i 

have been performed however and I have seen the result of a succ^ 

unilateral section for causalgia which was earned out at the level 

8rd cervncal segment X ^^'hIle umlateral chordotoray 

upper cervical region i5 safe a bilateral operation at this lt\ l 

• K ten meJ ir«*, 1910 U 2292. 
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ticularly ^\hen earned out as a one stage procedure, is fraught ^\^th the 
danger of respiratory paralysis 

(B) Posterior longitudinal section — In 192G Donald Armour,* 
actmg on the suggestion of Dr G Greenheld, performed a posterior 
median section of the cord for a patient suffenng from severe gastric 
cnsis In this operation advantage is taken of the fact that the pain- 
fibres cross obliquely over the couree of several segments it is the 
decussation uhich is divided and the direction of the section is sudi 
that no injury to the pyramidal tracts can occur The procedure has 
been likened to the production of an artificial synngom\elia by 
division of the median commissure which is destroyed in that disease 
The section must obvaously be earned out just above the level of the 
lesion A median longitudinal mcision about 1 in m length, at the level 
of the 11th and 12th dorsal and 1st lumbar segments, destroys all pain 
fibres from the lower limbs and pelvis This operation may be 
performed on the cervical cord for intractable pam in the arms e g , m 
a case of intense pam in the arm due to carcinomatous deposits m the 
axiIliC, relief followed it f 

Opinions vary as to the exact position of the spmothalmic tract in 
the cord 0 R Hyndman and C Van DppsJ have compared the 
position of the tract as defined in vanous text books with their owm 
findings (Tig 220) The spmothalmic fibres from the higher segments 
arc placed antenor to those from more caudal ones By dividing only 
the anterior portion of the tract therefore, it is possible to abolish 
pam m the upper part of the trunk without mterftnng with this 
sensation in the lower limbs The dentate ligament is attached some- 
what posterior to, and not as usually believed, at the coronal axis of 
the cord As low as the fifth thoracic segment the antenor limit of 
the tract extends in front of tlie line of attachment of the antenor 
nerve roots Hyndman and Epps' findings are the result of their 
experience of 41 chordotomies 6 of which were performed under local 
analgesia 

Results of chordotomy — Chordotomy may be followed by weakness 
in the legs, bladder and rectal sphincters, and severe muscle spasm 
m the legs and back§ and intense girdle pains have also been noted 
Such untoward symptoms arc usually temporary' and clear up withm 
the course of a few days or weeks if the section has been properly 
performed These transient pyramidal effects are jirobably due to 
cedema, h'emorrlnge or traumatic myelitis The intense girdle pam 
at the level of the cord section mav be avoided by dividing two or 
three postenor roots at this site G V Stebbmgi] recorded a. senes 
of 17 cases on whom he had performed section of the antero lateral 
tracts , 11 operations were for inoperable cancer and 5 for tabes 
There were 2 deaths. , m the remaining 15 cases the measure of relief 
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appeared to justify the operation, and m none was there an\ per 
manent ill effect In the tabetic cases, howe\er, the pam tended to 
return a ^ ear or more after the operation H Sdiloebmann* has 
recorded his expenence of 24 cases of chordotom} The patients w en. 
obser\ed for more than one jear, most for over three vears after 
operation . 3 were completel> reheved, C were improved, their pam 
bemg much diminished, while 1 case of herpes zoster failed to respond 
\^Tien relapses occur after chordotomy it has been suggested that the} 
ma} be due to the opening up of ausiliarj conducting pathwais 




Fig 226 — Diagrammatic representations of the spinothalamic 
tracts as given by several authors 
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(ii) Hyperptcsts —Section of the 6th thoracic to the 2nd lumbar 
anterior ner\ e-roots has been performed m an attempt to lower 
blood-pressure and relieve symptoms in malignant hypertension * 
Recently , however, splan- 

' - ^ 


chnic nerve resection, With 
removal of the cceliac and 
upper lumbar ganglia, has 
been found preferable 
(in) Spasticity — Pos- 
tenot thitotomy to 
ish spasticity has proved 
disappointing and is but 
rarely practised to da) 

7 . Tract sections per- 
formed other than for the 
relief of pain — In 1924 Fig 227 — Diagram of the principal pathways m the 
Spiegelf SUeeested dlVld* cervical cord showing the position of the extra- 

.iL pyramidal tracts [Cxpy) relatire to the pyramidal 

mg the extrapyramidal " (Py ) and sp.no-thalamic (5^/A ) »««* 
tracts (Fig 22<) for the {\li<tTnej ruimm J»unt Hem&JfintSurf 1929 1x1952) 
relief of spasticit>, and 

attempts have also been made by Foerster, Trac) Putnam and others 
to treat paralysis agitans b) a similar section B) severing the non- 
p)ramidal motor pathways such as the vestibulospinal, reticulo- 
spinal and tecto-spinal tracts, winch he in the anterior part of the 
cord. It was hoped to mitigate svmptoms on the same side below 
the level of the section, bat results liave not so far been particularly 
encouraging In 1931 Tracy PutnamJ performed cxtrapyTamidal 
tract section for athetosis, and in March, 1940, § reported 50 
operations performed for this condition 
on 38 patients with 4 post-operative 
deaths (Fig 228) Most of the patients 
were pleased with the result of the 
operation even if it only enabled 
them to he quietly in bed or sit up 
m a chair when this had previouslv 
not been possible No patient had 
been completely relieved but 5 had 
sufTicicntly improv ed to seek employ • 
ment Machanskyll and others have 
Fig 228 —Diagram of the operation of also claimed favourable results 
extrapyramidai tract section The cord Further reports on e\tra-pyramidal 

has been rotated and an incision made . J , K„r«f^ .-e 

at the level of the anterior root attach trace sections are necoea oeiore we 

ments can reach a conclusion a"; to thtir 
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vertebral discs— In 189G Tlieodor Kocher* reported a cise of rup- 
ture of the mter^ertebral disc between the 1st and 2nd Inmbnr 
vertebr-e in a joung man who had succumbed to multiple injuries 
after falling from a height of JOOft and landing in a stindng 
position There \\as no fracture of the spme Modules projcctim; 
backtvardi into the neural canal from the region of the dits 
hate long been recognized and have been vanousU regarded as 
myxochondromas fibromas loose cartilages, fibro-chondroma^ 
Schmorl s nodule (Knorpel knotchen) etc These are now thought 
to be the result of herniation of the nucleus pulposus of the inter 
\ ertebral disc through an annulus m which a fissure has been produced 



Fig 229 — Protruded intervertebral disc 

In (a) a swollrn iwrve root u »ho«Ti irtratird »w*v tr»wn the hmilatwl disc Is (S) tl>r protn oar n r 
ttgitul (KeproduCTd by proiluten of ibe lion lid ton. Iroa J C r^ltoa tor 

Unf 1939 MI 17 I) 

by injury or some form of degeneration Injurv b\ alumbar puncture 
needle has been regarded as a cause of fibsimng (Fig 22‘J) As a 
result of \ ^scu]a^ 2 atIon sub^equentlv, the herniated nuclear matenal 
ma\ undergo calcification or ossification and may be respon'^fble for 
cord or cauda compression Certain cases of obscure back pain arc 
probabK due to these herniations, the pain being produced by stretch 
ing of the postenor common ligament j In cases of disc protrusion 
the cerebro spinal fluid is found to contain a relatntK Jugfi 

tion of protein and by radiography, in appropriate positions after tr** 

mjection of Iipiodol by lumbar puncture the site of the henuafeo ni^c 
mas be demonstrated I aimntctomv and removal of the hcrniatci 
part of the disc may afford complete relief There is as vet ago™ 
of difference of opinion on the frequenev walh which disCs nermate ar 
cause sy mptoms Dislocations are occaMonalK found at aiitop^v 
y et hav e been syanptomlcss during life As a cau«e of ‘ sciatica 
• HdS Creni *rS iliJ Clif l, 41* t «Ut« *nd IVirr E-C 
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discs have been indicted to a ^ar>lng degree Laminectomy has 
occasionalI\ cured sciatic and low back pun, believed to be due to disc 
protrusion, and y et no such protrusion was found at the time of opera- 
tion The explanation maj be a recurring dislocation of the disc in 
certain positions of the spmc reduction having taken place at the time 
of operation 

I have recently seen three cases in which removal of a herniated 
disc has completely relieved sciatic pain but m each instance this has 
been replaced by low back pain 

9 Syringo-myelia — Operation for this condition was apparently 



first carried out by Sir Victor Horsley , who, however, never published 
the case Dr Anthony' Teiling has related how Horsley incised the 
cord and the cerebro-spinal fluid spurted out In 1910 Hsberg opened 
into a sy nngo-my ehc cavity when exploring for an intramcdullirv 
tumour ^d there was subsequently some amelioration of the pvtient s 
condition Tollowing a report by Pun«cpp* of striking improvement 
in a patient upon whom lie had operated m 1920, Jinsek,! Kelly 
C H FrancrandS X Rowc§ and others have given their experiences 
of operations for synngo myclia The object is to dram the cavities 
in the cord m the hope of thereby rehcvmg tension and reducing 




•lOS • 


OPERATIONS ON THE SPINAL CORD 


oedema but, although there has been some slight improvement in a 
few patients, the results for the mo»t part have been disappointing 
Tlie cause of the cavitation in the cord is not know n and the s\ mptoms 
may well be the result of gliosis or vascular changes rather than of 
tension within the cavities. Operative treatment is unlikely to rctani 
the progress of the disease or improve cord conduction unless tension 
and compression are factors and unless, tlierefore, there is soim" 
evidence of encroachment upon the spinal subarachnoid space, as shown 
by appropriate tests {sec p 394), surgerj' has not much to offer in ca^es 
of sjnngo-mvelia If operation is undertaken, a posterior vertical 
myelotomy m the midhne, or a few millimetres lateral to it on the 
side of the greater cord damage, is the procedure of choice. (Fig 230 } 
Wound healing m this disease mav be retarded and troublesome. 

Jefferson* saj*s “ The operation has no jiermancnt cfTect on 
sjTnptoms and no curative effect on the process itself *’ {See p 48U). 

The Operatiom oi Laminectomv 

Preparation of the patient. — In a clean case, such as a spmal tumour, 
little special preparation is required The presence of anv’ scpt/c /ocu« 



F»g 2JI — Position o( patient for dorsal laminectomy. 


IS, however, a grave danger, if the wound becomes infected from 
a neighbouring bedsore there is a possibility of cerebro-spinal nitningitu, 
while septic infections elsewhere not onl} depress the powers of pM’* 



Fig 232 — Position of patient for cerrital Urrunectomy. ^ t ^ 

tance, and thus add considcrablv to the risk of an 
magnitude, but also increase the posfoperattv;e dange^ it 
important that the operation be undertaken, if possible. 
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of cystitis, bedsores, or bronchitis Should pressure sores be present, 
every care must be taken to exclude them from the operation field, 
and thus lessen the possibility of infection, and sulphonamides and 
hcxamine should be adrmnibtered three times a day for some da\s 
both before and after the operation Not only will hevamme improve 
an} c} stitis that ma} be present, but as it passes into the cerebro spmal 
fluid, it vvill dimmi^ the nsk of the onset of meningitis, since, in the 
presence of acid forming organisms, it is decomposed into formaldehv de 
which IS mimical to them 

In the comparative!} rare cases of compound mjur} calling for late 
laminectomy, the onginal wound will generally have healed soundl} 
by the time operation is considered advisable, but if not every' effort 
should he made to dimin 
ish sepsis and limit the 
infection of the wound 
Ever} care must be 
taken to cleanse surgicall) 
the skin of the back The 
whole area sfiould be care* 
full} shaved so as to re 
move even the smallest 
hairs, then washed 
thoroughU with ether 
soap and water and gentlv 
swabbed with bmiodide 
of mercun and finall} 
spirit (70 per cent ) Apart 
from this, little should be 
done and the admmis 
tration of strong purga 
tives on the night before 
the operation is ,strongl} 
to be deprecated The 
patient will have been 
kept in bed for two or 
three da} s pre viousl} , and 
should be given a full diet Fig 233 — Skin mcuion tor an upper dorsal 
up to the night before, and laminectomy 

taught to become accus- 
tomed to 1} mg either fullv or three quarters prone, as this is the best 
position for nursing after the operation On the morning of operation 
a cup of meat extract should be given some two houPa before the 
an-esthetic is adminestcred 

AnTSthctic. — Three quarters of an hour before anTsthetizalion is 
begun, tlie patient is giv cn a h}>po(lcrmic injection of morphia, gram 
and atropine, gram ^,5 Nitrous oxide and owgen, alone or with 
ether mixtures, has been found the most satisfactory anasjthctic, but 
local infiltration with novocain or procam (1 per cent ) combined with 
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adrenaline hjdrochlonde (5 mm to 1 oz) is often sufficient During 
the operation the ana.“sthetis,t should record the puke rate and S 3 stolic 
blood pressure at five-mmute inter\als so that any undue drop m 
blood pressure becomes at once apparent to the surgeon, and a trans- 
fusion ma} be begun or the patient rested until the blood pressure rises 
again 

Technique. — ^The patient, being sufTicientl} under the influence of the 
anicstbetic, is gently rolled into the fully prone position (Figs 251, 232), 
and sandbags air-cushions or piled up stnps of sponge rubber are so 
placed that the operation held is supported and the spine made as 
convex as possible For the dorsal region little support is required, as 
this portion of the spine is the most prominent If the lesion is in the 
lumbar region it is generalh 
necessary to have this portion ' 


of the body well supported, so _____ 
that the lumbar concaviti is ~ 
as far as possible obliterated 

For lesions in the cervical part 1 ^ j 

of the column the head requires \ J 

supporting m a slight^ flexed J M’l f 

position on some form of out \/ M VY 

rigger, such as is used for cere- 

bellar operations An opera '-v 

tion fable should be used which 

jsiitted with an extension head- 

rest with shoulder supports to 

lift the chest clear of tlic table 

so that the thoracic respirators / j 

movements are not impaired 

The surgeon stands on the 
left-hand side of the patient 

The actual steps of the opera- 1 - 

tion varj' considerably in the V-/ ' 

hands of indiv idual operators, p,g — Diagram showing how, by keeping 

but these variations arc, as a strictly to the midlme and dose to the bone, itis 
rule, onU matters of detail P®*’*'*'**®^/"”'* 

, , mass out of the Tcrtebral groove without 

which each has mastered in dmdmg its arterial blood supply 

his own wa} The first essen- 
tial IS to obtain a good mcw Tlic incision (Fig 233) should be at least 
6 to 8 m long, and sliould haxc its centre oppch>tte the anticipated site 
of the disease , in most c.ises it is possible to determine this \ciy 
prccisel 3 (^<re p 895) The skm of the back has a comparative!) poor 
blood suppl) when compared with that of the neck or the scalp For 
this reason, and because it can bt readiK extended in cither direction, 
if necessar} , a straight midlmc incision la the most satisfactor) and 
is to be preferred to the vanous " flap ” t 3 pcs of exposure The first 
incision should pass through the subcutaneous tissue, and at tins stage 
a few small subcutaneous vessels require the application of haimostats 
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Skin protection cloths should now be attached to the uound-ed'^es 
and it IS adiantageous to have these made of thm rubber as a pro- 
tection to the skin from the frequent hot salme 
imgation of the wound The incision is deepened 
the superficial aponeurosis is divided and the 
deeper muscles are laid bare (Figa 234, 23J) An 
mcision IS now made through the erector spun 
muscle attachments to one side of the spinous pro- 
cesses and immediately against the bone and with 
one sweep of the knife this incision is carried 
directlv dovm to the lamm® This muscle separation 
IS followed b) considerable venous oozing which 
15 controlled by introducing packs of hot moi't 
gauze which are left tn stlii while a similar separation 
IS earned out on the opposite side of the spinous 
processes Bv keeping close to the bone, iirtenaJ 
bleeding is minimized (Fig 237) The vvxiund 
on this side is now packed vnth gauze, while the 
gauze from the first mcision is removed to allov 
the separation of the muscles to be completed 
A broad osteotome is the best mstrument for thb 
purpose (Fig 238), and it is kept close to the bone 
so as to effect a subpenosteal separation ^^’hen 
the muscles, have been completely separated, the 
greater part of the hemorrhage will have ceased as 
Fig 238 — Author’s the result of thegauze compression Oozing is further 
E™ SmmViSS. controUed by self retaining retractors fFig 2 M) 
for turning the «r«- Some small vesseb may hav e to be ligatured or seaiea 
tor spin® off w 1 th endothermy . , , 

The spmous processes are now isolated and the 
penosteaiiy iiiterspinous ligaments at the hmits of the woun 
are divided with scalpel and scia'ors An ap- 
propnate number of spinous processes with their intervening hg^ 
ments are then removed with bone-cutting forceps (Figs - ^ 
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241 ) After removal of the spinous processes and hgaments., a clem 
smooth surface of bone consisting of the posterior aspects of the 
lamm®, is left exposed in the field 

Of the man> means adopted to gam an entrj into the spinal canal, 
the simplest and the safest is to trephme one of the lamina: with a J-m 
trephine (Fig 240), from winch the pm is removed, or by means of a 
burr to make an opening between two adjacent lamina To one 
experienced in the operation Horslej s or Trotters forceps alone are 
usuallj sufficient to effect this entrv The lowest lamina is selected 



Fig 240 — Laminectomy trephining Fig 241 — Laminectomy method of 

lowest lamina. dmding laminae with forceps. 

for the site of entry as thereby the opening is made away from the 
site of the lesion, and the hmm'e above arc more readilj removed 
bj the surgeon working with his nght hand It is alwajs advisable 
to make the opening awav from the site of the Icsion for, whatever 
its nature, there is otherwise a possibilitj that the posttnor surface of 
the dura maj be adherent to the deep surface of the lammx and thu> 
be injured at the time of cnlr> In certain cases of injurv an opening 
mav alreadv be found m the lamina , if so it inav be cosier to enlarge 
the opening with a pair of small blad^ rongeur forcepi* Some surgeons 
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Fig 3^2 — Forceps used (or remoring the spinous processes and Uminre 


remo\ e all the bone \n ith laminectomj forceps such as tho>e of Horsla 
others prefer nibbling forceps ora combination of thc'^e mitnimcnt 
(Hg 242) Chisels should on no account be used owing to tluir 



Fig 243a — Guillotine forceps (Hudson s) for 
widening groove in laminae 


f 


ig 243t.-lnsrumentsfor ^ 
du?i mater On left is • 

dura mater elerste 
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concussing effect The bone may be dense and \ erj firm, and consider- 
able force required to divide it It must be remembered that this force 
must at all times be directed outwards away from the dural tube and its 
contents After an opening is made mto the spinal canal, the surface 
of the underl5ing dura is cli^ared of tlie epidural fat, and the laminai 
abo\ e are carefully separated hy means of Horsle\ ’s or other form 
of dura mater elevator (Dg 2136) One blade of a pair of narrow- 
bladed tutting forceps is now inserted under tJie hmina and the bone 
diMded This is repeated on the 
opposite side, and the lamina re- 
moved Great care must be exer- 
cised m this procedure 
The greater part of the lamma 
having been remov cd b> the'cuttmg 




Fig 244 — Laminectomy method of Fig 245 —Foreign body embedded in 

groove In laminse with guillotine forceps surface of cord 

forceps, the groove in the canal is wadened b\ means of guillotine 
forceps (Figs 218n 244 ) These arc so made that thc> cut upwards 
(i e , outward'.} and hence exert no pressure upon the cord The 
remaining surface of the dura is now carefulK cleaned of epidural fat 
and examined for an) adhesions, scarring, or thickening The surround 
mg surface of bone is also examined for exidcnce of injur), or for the 
primary or sccondir) neoplasm At the same time, an\ local swelling 
of the dural tube which ma) give exadence of a tumour is looked for, 
and pulsation or its absence noted It not uncommonl) happens that 
pulsation of the dura is pre^^ent above the lesion but absent below 
hence, if there be no pulsation in the area of the dura which is hid 
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bare it is strong cMclence that there is some ibnormalit\ abo^c tie 
e\el of the operation field and it mav be desirable to remove n re 
laminx in the upper extrenwti of the uotind Gentle j -Upatnn of 
the dura tna\ jield information and a feeling of localized rv^i<tan 
mav reveal the site of an intradural tumour 
Unless there is a defmitelj septic focus outside the dural luk Ul 
next step consists in opening the dura As with the bone it is al\va\ 
better to commence the inasion m a position remote from what i 
likel> to be the situation of the dt««ase so that ifthccordbeadliercnt 
It IS in less danger of injurv As the dura is divaded sutures of Ime 
silk or catgut threaded on a small curved round liodicd ncetllc 
supported m a needle holder arc passed through the edges of the 
membrane three or four along cither side These act as slings or pus 
for retracting the dura as it is opened Care should be taken to 
incise the dura mater only If this be successfull 3 accomplLhcd the 
arachnoid will bulge through the length of the incision and anv 
increased tension or an^ abnormal opacities or thickening in 
memngitis serosa w U1 be apparent Prequentl} it impossible to inspect 
the cord and its relations through the unopened and transparent 
arachnoid and the surgeon can sometimes sec a beautiful picture of a 
tumour moving uath respiration upwards and downward m a lake 
of cerebro-spinal fluid The araclmoid is now opcntdbv snicking it with 
1 small sharp knife cerebrospinal fluid escapes and the mcmlnin. 
is further divided with fine scissors Throughout the operation a 
stream of hot saline or Ringer s solution should be used This ns 
Horsle) showed in his experimental work with the expo ed 1 nun of 
animals lessens operation shock and at the same time keepm the fell 
clear A suction apparatus should be emplov cd to remov e tlit. surplu 
saline and keep the field free from blood The further stepm to he 
taken now depend upon the nature of the lesion 
Special considerations Cases of injury • — In the more recent 
the bonv canal is carefullv examined and if a missile or d!«;jbcea 
fragment of bone is present it im removed before tlie dura i^; oixne ‘ 
At the same time the dura is examined for ev tdtnct of iiijurv 
there is some well defined focus of sepsis extemalh it slioull 
be opened as bv this means alone can the extent of tht ^ 

gauged Small fragments of bone or metal mav fiave ptnctraisi r 
dura and be entirth overlooked unless it is explored (Iig I 
there be external sepsis the abscess «hould be drained and the » 
left unopened Jest a septic meningitis be produced vvlun tnt < 

IS opened the surface of the cord should be carefullv txaminci 
mav be narrowed and flattened showing evidence of jre-'uri 
surface maj be roughened inflamed and adlitrent or it mav c 
plctelv divided in which case both experimental and chmeal ev 
have unfortunatelv shown that there is nothing to tve g ^ 
attempts at sutunng or from nerve-grafting optratioas p o ^ 
upon It In more chronic cases the svmptonis mav dcpvnu , 

• Srt tji^tnrAf cn f 39l 
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localized formation of new bone, removal of which is possible In 
others the sjmptoms maj be caused b} displacement or angulation 
of the bony column, when the mere remosiil of the lamm® usuallj 
relieves the pressure Evidence of scarring of the meninges should 
be also looked for, and pressure therefrom relieved by simple dissection 
The consistenc) of the posterior surface of the cord maj be examined 
b) gentle palpation, and knowledge thereby obtained of the presence 
of intramedullarj fibrosis Meningitis circumscripta serosa may be 
evident, and may be relieved by incising the araclinotd and separating 



Fjj 2|6 — Rotatinj; cord a slip of Fig 247 — Meningioma in ti/n 

dentate ligament ( 5 tr James 11 allon s case ) 


the adhesions as far as this is possible H nothing be found b> these 
methods, the anterior surface of the cord should be examined To 
do this without injurj , one of the slips of the dentate ligament should 
be divided at its dural attaclimcnt with fine scissors, grasped witli 
forccpi 5 , and gcntl> drawn upon so as to rotate or displace the cord 
(Fig 216 } 13} this means changes m the antenor surface of the cord, 
or causes of pressure situated on its antenor aspect or that of the 
membranes become evident 

Inflammatory lesions —If an inflammatorv change be present in the 
bone, as m the rare cases of tuberculosis which require operation or 
which so closcl} simulate spinal tumour as to have been regarded as 
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such the lesion should be dealt with before the dura is opened If 
after removal of any such inflammatory mass the dura m spite of local 
thickenmg be found to pulsate normally nothing further should be 
attempted and the wound should be closed If however, there be 
persistent local swellmg or the normal pul^yition be absent the dura 
should be opened and any locahzed collection of fluid or mflammatorv 
matenal withm the menmges evacuated Should the swelling be m 
the substance of the cord itself a small vertical incision ma\ he made 
in the posterior column one or two millimetres from the nudluie Bi 
this means a localized abscess withm the cord ma\ be opened and 
evacuated 


Tig 3481 — Intf* Tig »48b — V» 
thecal extra medut cuolated intra 
lary meningioma thecal extra me 
remoe^ from up duUary neurofi 


heoplastic formations — ^If the neoplasm be a secondary deposit and 
situated in the substance of the bone 
the local removal of the lamins and 
ant mass of tumour which mat be 
pressmg on the cord affords tenipO' 
rary relief A localized osteoma or 
chondroma growing from the surface 
of the bone or the dislocated part of 
an mtervertebral disc should be re* 
moved If possible this should be 
done without opemng the dura but 
this structure mav be so adherent 
that the lesion can only be satisfac 

^ ^ tonly dealt mth by opening the mem 

per thoracic region broma removed brane posteriorly gently retracting 

c! » nwmrf »o !'«■" '■pp«r the cord and then inasmg the aatcnor 
man axed 4 Z thoracic region . , , ,i_ , 

^ ^ of a labourer aspect of the dura If nothing u 

(Aatb« 5 case) aged 32 found in the substance of the bone 
(Actual sue iSo* the duTE should be opened when an 

intrathecal tumour may be retealed 
In some cases the tumour is seen to cause a bulge m the dural tube or 
may be felt on palpating it It is commonly a menmgiomt arising m 
the arachnoid (Figs 247 and 248a) or a neuro fibroma growing from 
a nerve root (Fig 248b) In removing such tumours the same care 

must be taken as in performing the laminectom\ to wo/a. 

away from the cord so that all concussing force is directed away from 

and never towards the cord Although no tumour may 

\'iiib]e it may be apparent that the cord is displaced or i. 

such cases its rotation by gently pulhng upon a slip of the cn 

ligament may bnng the tumour into \iew and allow 

Removal of tumour — Generally speaking a neuro fibroma gro s 
from the nerve root is easily removed once its £» 

opened and the root to which it is attached divided- In 
giomas which are m part adherent to the dura mater it is ^ 
to remove the involved portion of the dura m addition to ® . 

otherwise meningocy tes may be left adherent to the piece o 
recurrence take place 
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It IS sometimes helpful to exert 
traction on the tumour bj mul 
tiple sutures of fine silk passed 
through it particularh m the 
large tumours occasionally en 
countered in the cauda equina 
Such a tumour maj be transfixed 
b\ a senes of fine silk sutures 
which are then grasped under 
an equal degree of tension b> 
artery forceps Gentle traction 
IS now made b} pulling upon 
Fig 249 — Removal of s tumour bj the them and the tumour is lifted 
multiple thread method from its bed (Fig 249 ) Wnillo 

comparativelj httle traction 
breaks a single hair a senes of hairs ma> be pulled upon until the 
scalp IS avulsed or the individual lifted off the ground This is the 
principle applied in this multiple thread traction of tumours 
The condition of the cord must alvvaj » be kept m mmd in order to 
avoid undue retraction or displacement and piecemeal removal of 
tumours is sometimes desirable to avoid this It must again be 
emphasized that in all manipulations care must be taken to work awaj 
from the cord 

Blood lesscl liimours of the vancosc \anet> which consist of 
anastomosing dilated pial vessels (\ancocelc of the spinal cord) if 
exposed at operation arc for the most part better loft alone attempts 
at ligating and separating 
V essc^ being ill advised and 
sometimes disastrous 
Iniratncdiillary tumours 
— Intramedullar} tumours 

ihlTer m tjpe some spinal 
gliomas gromng rapidly 
being nchl} supplied wth 
blood vessels and not de 
marcated from their sur 
roundmgs while others arc 
circumscribed and of slow 
grow th Tumours of the 
first vanet) do not readiU 
lend themselves to suigical 
remo\al Some are so soft 
however that thc> can be 
removed without damage to 
the cord bj suction • others 
of the circumscribed xanct} 
may be dissected out and k, ri^.tionof 
• II CqsWo* Amjnnj) iChUisv s« postcf Of root preparatory to d vulon 
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remo% ed completel} at a single stage * while less demarcated tumours 
mav be dealt \nth by the extrusion method of Elsberg 
In this procedure a short \ertical mcision is made through the 
posterior column close to the midline The tumour maj now protrude 
but no attempt to remoi e it is made at this stage the w ound is closed 
and re opened a week or ten daj slater when it is found that the tumour 
IS so far extruded from the su^tance of the cord as to permit of rend\ 
remo\al without damage to the cord itself 

Hydatids — The cjst» are extradural and 
usually multiple and m removing them care 
must be taken not to rupture them for fear of 
dissemmation The caiuties m the bone from 
which the cjsts are removed maj be swabbed 
with formaldehjde to destroj an^ free scobces 
but the dural tube should not be swabbed with 
strong solutions of this substance as a reactionai) 
arachnoiditis of which I have seen an example 
maj ensue 

Root section — ^Tlie roots whicli it i> desired 
to divnde havung been identified a blunt hook. i> 
passed round ttem and care taken to separate 
the nerve bundles from the accompan\ing se* 
seL» (Fig 250 ) Each root is tlien dinded with 
a fine «harp knife If there is bleeding from a 
dmded vessel this should be arrested bj endo* 
ihermj bj appljing a silver clip or bj passing a 
fine siik ligature around it 
Chordotomy — ^The level of section having been 
decided upon and the appropnate segment cv 
posed bj the lammectomj a slip of the dentate 
ligament is separated from its dural attachment 
and the cord shghtlv rotated The appropriate 
(right or left) chordotomj knife (Fig 251) having 
been selected the pomt of the knife t> enteaii 
immediatel} in front of the site of attachment 
of the dentate Lgament to the cord and tbe 
antero-lateral tract is divided as shown m Fig 
For posterior longitudmal cord section a 
sharp-pomted bistourj maj be used to make the first inasion ^ 
cord (sfcp 408) This k followed bv a blunt-ended bistoun as t c 
wound deepens so as to avoid mjurj to the antenor mednm v ess 
The tj'pe of section which has been made m cases of athetosis s 
shown m Fig 228 p 40i> mes 

Prolapsed discs — ^The herniated portion of the disc mav sora 
be easily removed extrathecalij bv gentle retraction of the d 
as a whole but in some cases it is preferable to open the rape^^ ) 
gentlj rotate and retract the cord {see above) and then exp 

• H Cainis B »it 1931 Iw * 117 


F g 251 — Cbordo- 
toray knires for left 
and right antero 
lateral sect on. 
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protruded cartilage b) a second division of the dura anteriorly Tlic 
fibres of the posterior longitudinal ligament stretched over the pro- 
jecting nodule are separated from it with a raspatorj , and it li- removed 
with nibbling or other suitable forceps assisted by suction (See also 
footnote, p 480 ) 



Closure of the wound, — Care sliould be taken to secure a perfectlv 
bloodless field before beginning the closure, and the use of the warm 
salmc stream is particular!) valuable at this stage In the majont) 
of cases there i> no need to close the dura The muscle masses should be 
carefully approximated in several lax ers, using fine silk or catgut passed 
on a curv'od round-bodicd needle (Tig 218 ) Tlie closure should be 
meticulous and accurate and followed bj repair of the divided 
aponeurosis with fine mtcrniptcd silk sutures (Fig 254 ) Tlie skin 
ja closed b) fine, waved-thread mterrupted sutures passed on straight 
cutting needles, and a drv dressing is applied and kept in position 
with strips of elastic adhesive and a raanx-tailetl binder 
llcmilamincctom). — It is usually preferable to perform complete 
laminectomy, but because of the fear of producing subsequent w cakness 
of the post-v ertebral muscles, hcmdammectom} nny lx* decided iijjon, 
cspeciallj if the operation is to be an extensive one in the cervical 
region The preparation and position of the patient upon the operating 
table arc the same as for complete lanunectomv . and a similar incision 
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IS made through the skin and superficial aponeuroais The deep 
muscles are separated from only one side of the neural arches and 
the lamm® of this side only are removed The spinous processes 
are retained their bases being savrn or cut through by forceps in an 
oblique direction so as to leave them attached to the remaining part 
of the neural arch The dun is divided longitudimlly thus exposing 
the cord and nerve roots The later steps and the after treatment are 
similar to tho e of a complete lanunectomv 
Laminectomy even if extensive is not as a rule followed by any 
weakness in the spinal column except m the cervical region and then 
only if the lamimi have been divnded v cry far out or if heavy retraction 
has interfered with the nerve supply of the post vertebral muecles 
After-treatment — According to the patient s condition intravenous 
saline blood or plasma transfusion may be required either during 
the latter part of the operation or on return to the ward but such 
measures are not usually nccessarv Tachycardia may be present 
after operation and mav persist for some hours 
Acute postoperative dilatation of the stomach should be watched 
for and should it arise be treated by passing a stomach tube and 
washing out the stomach and b\ changing the position of the patient 
Tailure to rccognirc this condition mav be fatal It is most likely to 
occur after high cervical operations when it may be the result of 
interference with descending autonomic impulses m tlic cord Frequent 
vomiting of small quantities of dark fluid after a cervical hmmectomy 
should at once raise a suspicion of acute gastric dilatation 
The patient is best nursed m the prone or semi prone position and 
if accustomed to this position for a few days before operation will not 
find It exacting afterwards Lnlcss there has been any mflammaton 
condition or there is serious discomfort from the wound it should not 
be disturbed for ten days 

"Many patients are completely paraly sed at the time of the operation 
and It not infrequently happens that even if the paralysis is incom 
plete before operation it may as a result of operative manipulation 
however carefully earned out be increased for a few days afterwards 
The after treatment is therefore associated with sjiecial nursing tliffi 
twWvss avtA a.Vjtw.tx i WAVvt \vt wv ’wW \\i& \\arA 

cxpenence of cases of this tv pc 

In the care of the patients there are several details which demand 
attention Because of diminished sensation and trophic changes 
hot water bottles are best avoidcvl and the patient kept warm by an 
electric cradle which at the same time keeps the bedclothes away 
from the lower limbs Great care must be given to the bladder and 
rectum For several day's or weeks regular catheterization may be 
required and more than usual can, must lie taken to maintain asepsis 
especially if there be alrcadv a slight c\»titis for om of tlie chief 
postoperative dangers is the onset of pvelo nephritis Hexamme 
should be administered regularly as an antiseptic since it is secreted 
both in the urine and in the cerebro spinal lluid (p lOJ) If the 



424 OPERATIONS ON THE SPINAL CORD 

retention of unne persist it may be preferable to tie in a catheter 
and establisb tidal drainage (See also care of the bladder in para 
plegic cases p 887) Should it be necessary to gi\e a hypodermic 
injection this should be administered in some portion of the body 
above the level of the lesion for even a slight^mjury may give nse to 
trophic changes 

If the prone position is uncomfortable the patient may be turned 
to one or other side and the position should be frequently changed to 
prevent ill-effects from sustained pressure Tor the first few days 
after operation the temperature may nse to 102® or 103® F but it 
generally falls rapidly and must not alone be taken as an indication 
of the onset of sepsis This immediate postoperative n'e of tempera 
ture probably results from the bberation of cerebro-spmal fluid into 
the penneural tissues For a time discomfort may be caused by 
voluntary orinvoluntary movements of the legs iihich should therefore 
be supported by pillows it may even be necessary to admmbter 
considerable do^es of the bromides Spasticity may increase at this 
stage and massage should not be instituted until it lessens In certain 
cases pam and discomfort may be caused by abdominal distension 
especially if the lesion is above the mid-dors^ region but relief can 
generally be obtaned by the admmistration of enemas and pituitary 
extract 

Difficulties may v ery rarely be caused by the escape of cerebro- 
spinal fluid but this should not occur if the wound has been carefully 
closed in lay ers Should cerebro-spmal fluid leak the fistula usually 
closes spontaneously within the course of a week or two dunng which 
time the utmost precautions should be taken to guard against infection 
and gau 2 e dressings iming out of spirit (70 per cent ) should be used 
WTien leakage follows an operation performed within two or three 
weeks of the mfliction of a perforating wound there is considerable 
risk of sepsis which may later terminate m a meningitis In «uch 
cases espeaally care must be taken with the dressing and sulphon 
amides and hevarame should be administered Boracic powder is 
useful as an absorptiv e w htch is mifdlv antiseptic 

In every case massage should be instituted when spasticity lesse^ 
and should be given at short mterv’als for a prolonged period -By 
this means not only is nutntion improv ed but restoration of function 
IS likely to be accelerated 

Pressure sores Prr enlwn — ^Everj care must be taken to pre\ ent 

the appearance of these troublesome lesions The effect of pre« 
jjomts must be minimized by a water bed air cushions or gauze pau« 
Cleanliness frequent alteration of the patient s position and 2 
av oidance of w et beds are essential The skin must be kept absolu e y 
dry and at least twice daily treated by massaging lighth 
lated spirit followed by the application of powder^ zme stearate 
bed clothes should be kept off the lower limbs by a cradle 

Treatment — If bedsores appear deep collections of pus 
evacuated but otherwise sloughs diould be allowed to separat 
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not cut a\\ay, while the position of the patient must be so adjusted as 
to remove all pressure from the necrosed area 
The essentials of after treatment maj. be summed up as follows — 

(rt) to watch for acute gastric dilatation or other postoperative 
complication 

(6) to guard against trophic lesions 

(c) to minimtzQ the degree of infection m the urmarj tract bv 
due care of the bladder 

(<f) to mitigate the discomfort of incontinence and make pro\ ision 
for adequate sleep 

Results. — The operation of laminectomy should be associated 
with but a low mortality, if cases are properly selected, wnth due 
consideration to the indications discussed If a careful, bloodless, 
gentle technique is follow ed w ith appropriate after-care, the operativ c 
mortality should be less than that for craniotomy, in which complica- 
tions from previously raised intra meningeal pressure maj play a 
part, but in either case, operatne nsk depends upon many factors, 
one of .the chief of which will always be the condition for which the 
operation is performed 

OPERATIONS FOR SPINA BIFIDA 

Spina bifida is a congenital defect m the bony surroundings of the 
cord, and is often associated with a protrusion through the defect of 
the contents of the spinal canal It is usually postenor, m\olving the 
lamina?, but maj be anterior Antenor spina bihda, which ise\tremel> 
rare, may be seen as a protrusion of the membranes, or cord and mem- 
branes, through the vertebral bodies, which develop in two halves It 
very rarclj occurs in the cervical region, when inspection through the 
patient's open mouth may show the posterior pharyngeal wall pushed 
forwards It may also occur m tlie sacral hollow behind the rectum 
The posterior or commoner vancty of spina bifida ib most often seen 
m the iumbo sacral region, less often m the cervical, and most rarely 
in the thoracic region Tlie deformity is estimated to occur once in 
every 1,000 births (Bland-Sutton), and about 80 per cent of these 
cases die w ithm the first y ear of life The sex distribution is practically 
equal (John Fraser) Motor and sensory disturbances may' be present 
m the lower extremities with loss of control over bladder and rectum 
Varieties of spina bifida. (I) Spma bifida occulta — In this 
variety, which is met VMth m the lumbo-sacral region, the lamtnal 
defect lb small and the gap may be occupied bv a fibrous-tissuc plug to 
which the cord is adherent (merobrana rcunicns) There is usually 
no defect apparent on clmical examination, but a dimple (fossa 
coccygea), a tuft of hair or a lipoma may' mark the site of the defect 
For a short time after coalescence of the neural folds to form the 
pnmitive neural tube, the embryonic cord and superficial epiblast 
remain in contact Gradually' they become sep-‘'~'*ed by a mesodermal 



426 


OPERATIONS ON THE SPINAL CORD 


intrusion, which in spina bifida occulta, however, may be defecth'e, in 
which case the primitive contact between skin structures and cord 
may persist as the membrana reuniens. During the period of groatli. 
when the development in length of the cord lags behind that of the 
spinal canal so that at birth the cord terminates at the 3rd lumbar 
and at puberty at the 1st lumbar vertebra, the lower part of the cord 
may be under tension from the pull of the fibrous connecting plug and 
thus give rise to late S5nnptoms. These usually appear betneen the 
ages of 8 and 14 and may take the form of incontinence or retention 
of urine, perforating ulcers on the feet or other trophic disturbances 
in the lower limbs.* I have operated upon a case in which late 
symptoms arose following an apparently successful operation for spina 
bifida early in life. The patient, a girl aged 23 with \'ascu]ar and 
trophic lesions (ulcers, necrosis of bone), was relieved by iliwsion 
of a firm fibrous band which anchored the cauda equina to the scar 
tissue in the skin and passed through the dural tube. The cord termi- 
nated at the 8rd lumbar vertebra. Two other patients, under obseiva- 
tion, have progressive neurological features at the ages of 4 and 1 1 years, 

Spina bifida occulta is apparent on X-ray examination, and defects 
in the neural arches are frequently seen in the cfourse of X-ray examina- 
tions of patients who possess none of the signs or symptoms of spina 
bifida occulta. These symiptomless cases do not require treatment. 

(2) Meningocele. — There is an entire absence of neri'e tissue within 
the sac, which usually has a narrow neck and contains only cerebro- 
spinal fluid. 


(8) Meningo-myelocele. — This is the commonest of the gross forms 
of spina bifida, and the fundus of the sac consists of an area of granula- 
tion tissue which is composed of an undifferentiated portion of the cord. 
Von Recklinghausen described three areas characteristic of the appear- 
ances of a meningo-myelocele : (a) the area meduUovascuIosa (cord 
elements) just referred to ; (6) the zona epithelio-serosa which imme- 
diately surrounds it, and (c) the zona dermatosa, an incomplete skin 
covering and the most peripheral area. (Fig. 255.) 

(4) Syringo-myelocele. — The protrusion contains the dilated central 
canal (primitive neural tube) of the spinal cord. 

Myeliicele oc tachiajusis. — This condition, in which t e 

medullary groove remains in part unclosed, is incompatible with anj 
length of postnatal life and is not amenable to surgical trwtment. 

Indications for and objects of operation. — ^Tlie indications^ lor 
operation m cases of spina bifida are (1) to prevent the onset o 
meningitis through rupture of the sac and leakage of ^rcbro-spina 
fluid ; (2) to remedy the deformity produced by certam types, e.g., 
meningocele and some cases of meningo-myelMcle and 
myelocele ; (3) to relieve symptoms in spina bifida occulta w 
neural impairment. Operation is contra-indicated in 
which show such severe invoU’ement of the cord tliat the u 

* Sir JeJmEUndSottonfint drew attention tottgagodatmn of 

in the hmbs in a paper, " Spina bifida occtIU and it* relation to ulcus perfcnat «><1 


IS37, u, 4- 
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already or ^\iU soon be completdy paraplegic, and m cases in which 
there is an advanced degree of hydrocephalus 

Opinions differ as to the best time to operate, but many surgeons, 
including myself, believe that this is within the first ten days of life 
The exposed covering of the sac should be free from infection before 
operation is attempted, but small areas of ulceration are not a contra* 
indication if they are carefully isolated and not allowed to contaminate 
the operation field. These ulcerated areas, in which the coverings 
arc very thin, indicate the imminence of cerebro-spinal fluid leakage 
and the desirability of urgent operation to prevent infection Before 



F»g. 255 — ^Three zoom in « mjrtloineningoccle (Dockenhcimer ) 

(Rcproducpd br prrmlwlon (rgm Fndft Si>ri;frr«>ttbelliala and ^;4nalConl, D Arrbim & Co 
.NewVofk. 1818} ‘ 

operation a spirit or formaldehyde dressing (which is hardening) 
should be applied to the tumour and tlie dnld nursed upon its face, 
while the tension within the sac may be lowered by puncture 
and aspiration made through healthy* skin at some distance from 
the thinned summit of the tumour. 

Wliencvcr possible, the sac should be preserved. It is bcliev’cd by 
many that there is an increased risk of postoperathe hydrocephalus 
when the spina bifida sac has been removed, but in practice it is. 
unfortunately, not always possible to retain it. It lias been suggested 
that the sac forms an absorbing mechanism comparable with the 
intracranial araclmoid villi {Pcnficid and Cole),* and if this is so a 

• Jnn Amtr StU Aaat^ 1833, xcTiii 
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plastic operation u ith preservation of the sac is ob\ lously the procedure 
of choice The particular operation performed must be mfiiienced 
by the t>T3e of spina bifida and the degree of its dc\elopment but 
generally speaking the essentials are the dissection of the sac so that 
It IS free from its surroundings and after reducing its fluid content 
by tapping its infolding or plication so that it occupies tJie gap in the 
neural arches In this position it is covered by fascial flaps taken 
from the dorsal aponeurosis Occasionally the sac is incapable of 
— — ■■■■ treatment in this way It must 

then be opened its redundant 



portion removed and the gap in 
the meninges closed uith fine silk 
sutures 

Techmque —General 'iiuesllicsia 
IS best avoided local infiltration 
of procain (1 per cent ) being 
used or in the v ery j oung baby 
no anesthetic at all The child 
IS placed upon its face uith the 
head low and precautions arc 
taken to keep the frail little 
patient warm and to prevent 
shock Tlie skm incision is eitl er 
transverse (fig 250 of 
tudmal acc 9 rding to the shape 
of the sac the nature of its 
covenngs and the position of anj 
areas of ulceration such areas 
are excised along with the re- 
dundant covermgs after treat 
ment with pure phenol or the 
actual cautery "Ihe knife used 
for this purpose is discarded 
The sac is now isolated bj sharp 
dissection freed from its surround 


F.g 256 -D agram of ,nc s on for radical and depressed SO that d 

cure of sp na b fida occupies the laminal detect bj 

lying m the gap in the neural 
arches If this is not possible the sac is opened care being taken 
not to damage any neural contents which must be freed and re- 
placed in the vertebral canal the distal portion of the sac is 
excised and a continuous fine silk or thread suture is used to 
close the part left attached If nerve roots have to b“ dmdea 
care must be taken to hgate the accompanying blood vesseb as fata 
intrathecal b'emorrhage has occurred from neglect of this precaution 
(John Fraser) It must be remembered that in the meningo mtcioce c 
the area medullo v asculosa is none other than an undifferentia c 
portion of the cord and must be retamed because it contains 
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ganglion cells The next step is the further closure of the gap in 
the vertebral column and although manv de\ices have been em 
plo\ed the simplest and most effective the formation of over 
lapping musculo fascial flaps which are sutured by fine silk or thread 
(Tig 257) The skin /laps uhich haae been fashioned in tJie first 
place and retracted dunng this time are now approximated with fine 
waxed thread interrupted sutures 



T g SS7 — Orcrbpjun; aponeurotic flaps in the repair ol 
sp na b Ada 


Complications and results — ^Thc chief complications of operation 
for spina bifida arc infection leading to meningitis which is uiiiallv 
htal and hj drocephahis which is perhaps more hkelj to occur if tlic 
sac has been resected Mater complication the appearance U'>uall> 
at about pubert> or carlj adolescence of neurological features thc 
result of a drag on the rclatucly shortened cord by fibrous bands 
which unite it to the skin and for which operation ma> be required 
(p 120) As might be expected the results arc best in cases of tnie 
meningocele and spina bifida occulta 
Tlie treatment of spma bifida occulta whidi is guing rise to 
sjmptoms consists m an eaploratorj operation which has as its objtxt 
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the freeing of the cord No treatment is indicated unless svTnptoms 
are present and \i hen these appear they usually do so in late childhood 
or earh pubert\ , so that operation is not indicated until then 
Technique — Trans^ erse crescentic incisions are made to include 
the tuft of hair, the lipoma or the cutaneous depression (fossa coccj gea) 
which indicates ,the penpheral attachment of the membrana reunii-ns 
Tlie fibrous membrane is dissected free from its panetal attadiraents 
and followed downwards through the defect in the neunl ardift> 
Some bone maj have to be remo\ed from the margin of the defectne 
arches to give an adequate exposure The band is carefulK separated 
from its neural attachments and the gap in the neural arch is dosed 
in so far as this is possible, by approximating the erector spin-c mass 
of either side a senes of interrupt^ sutures being used for the purpose 
The aponeurosis is closed with fine silk interrupted sutures and the 
skin with mterrupted waxed thread stitches, and a dressing applied 
In the surgerj of spma bifida care must be taken to prevent infection, 
and proph} lactic exhibition of sulphonamides and hcxamine is 
advisable 


Addendum to page 405 

10 Certain other conditions such as paraplegia produced by Paget’s 
disease — J W Aldren Turner has analysed 13 cases of spinal com 
pression due to this disease * Numbness and w eakncss of the leg 
adv ancing to spastic paraplegia accompanj the tj'pical bon} change^ 
seen m radiograph} Pam ma} be troublesome Decompressive 
laminectomy is of v alue the bone is soft and bleeds considerabl} 1 
have operated on one case a man aged 61 who made a gnitif}’ing 
recovery from his paraplegia and now nearl} three }cars later is back 
at w ork as a superv ising engineer 


Since this esMV »ras wntlen niKb vorfc hnsbem dooe on the ulm ntebnl d to Thu h 
recenllTP bbshedbook "nie IntervertehralDnc K BradortondK C *>puTLn* 

llL 1911 I About 80 pet cent ol cases ol bmUtn) due occur tn nra and the maninmn ► 

decade TV ilteof the protrusion b rilhetbctsiTcn L4»ndLS of LS andSI The pun of d:v b ^ 

distribution and ather persbtent or taletnutifol It Isinrica^ by coufhjnc Mir»i n« ^ 

restin* and made srorse on exetdse "nse ankle jetk Isdunin d>ed or k«t In abwil half olUeca'e’_‘ ija_^ . . 

in about W"* of linsbo-sacral hemlaiioRS and only 35% oi 41 
LpKidol may decide an indefinite ease It uoften poa^le to 

bycottinja' " ‘ . 



CHAPTER X 

OPERATIONS ON NERVES 

By HARRY PLATT 

I. ANATOMICAL AND PHYSIOLOGICAL 
CONSIDERATIONS 

Structural anatomy of nenro-trunks — Tlie conducting elements of a 
peripheral nervc-tnink are invested by a connective tissue frame^\ork 
whidi surrounds the entire trunk (the epineurtum), encloses the 
individual bundles (the penneunum), and is continued into the interior 
of each bundle to form a delicate sheath around each nerve fibre (thp 
endoneumm) The nerve-fibres lie m paroUel senes, and arc packed 
into bundles Ukc a sjstem of cables Each fibre contains a slender 
fibril, which is the outgrowth of a nerve cell situated cither in the 
central nervous sjstem, or m a ganglion of the autonomic nervous 
system By this means the nerve cells arc brought mto anatomical 
and phj siological communication with distant end organs m motor, 
sensory, or secretory structures Two distinct tjpes of nerve fibre 
can be distinguished — medullated and non vtcdnllatcd 
The medullated fibre is built up of tliree constituent elements — 
(1) The axis cjlmder (or axon), a central conducting fibnl; (2) the 
medullary or mjelin sheath, composed of lipoid substances contained 
in a neurokeratin framework, and (8) the neunicmma or sheath of 
Schwann which is constneted at regular intervals, forming the nodes of 
Ranvier Between each node is a nucleus Ijing in the mjelin and in 
close contact with the deeper aspect of the neurilemma 
The non-medullated fibre is characterized bj the complete absence 
of mjclin sheath 

Internal anatomy of nerve-trunks — At one time it was Jield that 
fhe maftjr bundles suppljnng tlte tfnferent ntasclc groups ocatpied s 
constant position in the cross section of a mixed nerve-trunk It has 
been shown, however, that the individual nerve-bundles run a spiral 
course m the long axis of the nerve-trunk so that the topographical 
arrangement changes repeatedly at difTerent levels In all the 
peripheral motor nerves there arc intercommunications between 
bundles and groups of bun<Ues In the proximal part of a nerve trunk 
the mtraneural plexus provides a coarse grouping of fibres denved 
from vanous spinal segments More distally, finer plexuses are 
formed which determine the ultimate arrangement of the fibres 'as 
they' approach their levels of distnbution * In the repair of a ckan-cut 

•J L A CConneB J*un IW li* I'M. 
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division of a nerve without loss of substance, axial rotation of either 
the proximal or distal stumps should be avoided. But where there 
has been destniction of a considerable length of a nerve-trunk, and 
where extensive freeing of the ncr\'e above and below, the site of the 
injurj* is necessarj', an accurate topographical suture is obviously 
impracticable. 

Degeneration and regeneration of nerve-fibres. Degeneration.— 
\\Tien a nerve-trunk is crushed or divided, the ncrv'e-fibres distal to 
the point of injury or section undergo a process known as Wallerian 
degeneration. A similar reaction is seen also in a narrow zone in the 
proximal trunk in the immediate vicinity of the trauma. TIic 
degenerative change is a vital one, and affects all the constituent 
elements of the fibre. 

The axis cylinders become swollen and, after undergoing disintegra- 
tion, disappear entirely. The myelin sheath breaks up into a collection 
of globules which are ultimately carried away' by' the intrancural 
lymphatics. In the neurilemmal sheath the changes arc prolifcmtive ; 
the nuclei stain more deeply, divide, and as a result the old sheaths 
become filled with new strands of a syncytial-Iikc tissue. Tlicse 
newly-developed neurilemmal fibres were regarded by' earlier observerb 
as new axons, but this interpretation is now known to be incorrect. 

Tile process of degeneration involves the whole length of the distal 
nerve-trunk, and significant changes occur also in the various nerve- 
endings. Thus, in the motor end-plates the neuro-fibrils become 
fragmented and finally disappear. 

The central ganglionic cells from which the degenerating axons arte 
also show a reaction to the stimulus of the peripheral injury. The cells 
become swollen, and exhibit a characteristic staining reaction known 
as chromatoly'sis. These retrogressive manifestations are best marked 
when tlie nerv’e injury is severe, and particularly when the lesion is 
located in the proximal course of the nerve. After a time the cells 
tend to return to the normal, but under certain circumstances recovery- 
may be entirely absent. 

Regeneration. — Degeneration is followed closely' by' regeneration, so 
that the two processes are advancing at the same time, the latter dose 
on the heels of the former. All the evidence which is available from 
experimental, embryological and clinical sources goes to show that the 
appearance of new nerve-fibres in the degenerated peripheral stump is 
due solely to the downgrowth of axis cylinders from the central stump. 

Tlic earliest regenerative changes are well under way by the end 
of the first week after nerve s«;tion. The a.\'ons in the centr^sturop 
branch profusely, and on their growing ends are seen minute di-^s or 
bulbs of varying shape. As the advancing axons reach Uie _di>ta 
stump tlie bundles lose their orderly parallel arrangement, owing o 
the resistance offered by the healing connective tissue 
Some fibres turn away from thb barrier, others wander outside i 
limits of the cut surface of the nerve, and may' be lost pcnnaneni , . 
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The majont) of axons however, penetrate the healmg zone and enter 
the neunlemmal channels of the distal stump At this level a regular 
parallel arrangement reproducing the funicular pattern is once more 
seen The rate of the downward inarch of the growing axon has been 
estimated as one to two millimetres in twent) four hours The new 
axon ultimatel}^ reaches the extreme penpherj and glow’s into an end 
organ thus the regenerative process achieves its object — the re- 
establishment of contmuity between the central cell and the nerve 
termmal The new axons do not appear to show a predilection for 
special channels in the peripheral stump, so that the end organs 
reached are matters of chance All newl} -formed axons are at first 
non medullated Later the process of m> ehnation begins m the 
proximal stump and proceeds distall) The exact source of the new 
m>elm sheath is unknown The new primitive sheaths are formed 
from the proliferatmg neunlenuna and m this provision the central 
and peripheral segments of the nerve take an equal share 

The whole regeneration process is initiated and controlled b^ the 
central ganglionic cells If the downgrovvth of regenerating axons 
IS blocked for a long time, Uie nerve cells tend to lose their fuU power 
of dominating regeneration Thus is seen the importance of the carl} 
surgical repair of a nerve injury 

Operations on peripheral nerve trunks fall into* tw o mam classes — 

1 Reconstructive procedures whidi aim at the restoration of con 

ductivit> m an mjured nerve o g ftervf stffurc , anaslo 

mosts , nene grajling 

2 Destructive procedures which involve the deliberate sacnfice of 
conduction , e g nerve blocking (bj crushing or injection) , neurotomy 
neurectomy The operations in this class are emplo}ed either {«} for 
the relief of intractable pain and other invtative symptoms, or (b) to 
eliminate muscular spasm in certain non progressive lesions of the 
central nervous system 

• Types of Nerve Imjury 

Penpheral nerve injuries may be divided into two mam groups viz 
(1) open and (2) closed The term " mjurj * is used here m a generic 
sense to mclude every tjpe of abnormal mechanical mfluence to which 
the conducting elements of a nerve trunk ma> be exposed 

1 “Open*’ injuries — In this group the nerve injurj is accompamed 
b} an accidental wound 

2 “Closed” injuries — In the absence of an external wound a 
nerve trunk may sustam damage in the followang circumstances — 
(i) Contusion or laceration due to a smglc severe blow from wathout, or to 
the imtial displacement of a bony fragment in an associated fracture 
(u) Continued compression or fnciton . the compressing agent maj be 

(а) external to the nerv e, c g cicatncial tissue, callus, or abnormal 
skeletal structure (cervical nb), an aneurjsmal sac, a new growth, or 

(б) in the substance of the nerve trunk itself, e g interstitial changes 
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division of a nerve without loss of substance, avial rotation of either 
the proximal or distal stumps should be avoided But where there 
has been destruction of a considerable length of a nerve-trunk, and 
where extensive freeing of the nerve above and below the site of the 
mjur> is necessarj’, an accurate topographical suture is ohviousl) 
impracticable 

Degeneration and regeneration of nerve-fibres. Degenwatton — 
\Vben a nerv'e-trunk is crushed or divided, the nerve fibres distil to 
the pomt of mjury or section undergo a process known as allenan 
degeneration A similar reaction is seen also in a narrow zone in the 
proximal trunk m the immediate vicmit}’ of the trauma The 
degenerative change is a vital one, and affects all the constituent 
elements of the fibre 

The axis cj Imders become swollen and, after undergoing dismtegra 
tion, disappear entirely The myelin sheath breaks up into a collection 
of globules which are ultimatelj earned awa^ bj the intraneural 
lymphatics In the neunlemmal sheath the changes are proUfentiv e , 
the nuclei stain more deepl>, divide, and as a result the old sheaths 
become filled with new strands of a synej tial-like tissue These 
newl> dev eloped neunlemmal fibres were regarded b> earlier observers 
as new axons, but this interpretation is now known to be incorrect 

The process of degeneration mvolves the whole length of the distal 
nerve-trunk, and significant changes occur also m the various nerve 
endings Thus, in the motor end plates the neuro fibnls become 
fragmented and finally disappear 

The central ganglionic cells from which the degenerating a.xons arivc 
also show a reaction to the stimulus of the peripheral injury Tlic cells 
become swollen, and exhibit a charactenstic staining reaction known 
as chromatol} sis These retrogressive manifestations are best marked 
when the nerve mjury is severe, and particular!} when the legion is 
located in the proximal course of the nerve After a time the celb 
tend to return to the normal, but under certain circumstances recover} 
ma} be entirel} absent 

Regeneration — ^Degeneration is followed closel} b} regeneration, so 
that the two processes are advanemg at the same time, the latter dose 
on the heelb of the former All the evidence which is available from 
expenmental, embrv ological and clmical sources goes to show that the 
apjjcarance of new nerve-fibres m the degenerated penpheral stump is 
due solely to the downgrowth of axis cy Imders from the central stump 

The earliest regenerative clianges are well under wa} b} the en 
of the first week after nerve section The axons in the central stump 
branch profusely, and on their growing ends are seen 
bulbs of varying shape As the advancing axons reach the dis 
stump the bundles lose their orderly parallel arrangement, owing 
the resistance offered by the healing connective tissue 
Some fibres turn away from this, bamer, otliers wander outside 
limits of the cut surface of the nerve, and may be lost permane } 
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The majonty of axons, however, penetrate the healing zone and enter 
the neunlemmal channels of the distal stump At this Ie\el a regular 
parallel arrangement reproducing the funicular pattern is once more 
seen The rate of the downward march of the gromng axon has been 
estimated as one to t%\o millimetres in twenty four hours The new 
axon ultimate!}'’ reaches the extreme penpherj and grows into an end 
organ , thus the regenerative process achieves its object — the re 
establishment of continuity between the central cell and the nerve 
terminal The new axons do not appear to show a predilection for 
special channels m the penpheral stump, so that the end organs 
reached are matters of chance All newl> formed axons are at first 
non medullated Later the process of m> elination btgms in the 
proximal stump and proceeds distallj The exact source of the new 
myelin sheath is unknown The new primitive sheaths are formed 
from the proliferatmg neunlemma, and in this provision the central 
and penpheral segments of the nerve take an equal share 

The whole regeneration process is initiated and controlled bj the 
central gangliomc cells If the downgrowth of regenerating axons 
IS blocked for a long time, the nerve cells tend to lose their full power 
of dommatmg regeneration Thus is seen the importance of the earlj 
surgical repair of a nerve mjurj 

Operations on peripheral nerve trunks fall into two mam classes — 

1 Reconstructive procedures which aim at the restoration of con 
ductmty in an injured nerve e q ttcnc suture , neurol^stSs auaslo- 
inosis , nene grajting 

2 Destructive procedures which mvolve the deliberate sacrifice of 

conduction, eg (by crushing or injection) , neurotomy, 

neurectomy The operations in this class are cmplo} ed either (a) for 
the relief of intractable pain and other irritative s} mploms or (b) to 
eliminate muscular spasm in certain non progressive lesions of the 
central nervous sjstem 

• Types or Nerve Injurv 

Penpheral nerve injunes may be divided into two mam groups, viz 
(1) open and (2) closed The term " injury is used here m a genenc 
sense to include ever} tj pe ol abnormal mechanical inTiuence to which 
the conducting elements of a nerve trunk ma> be exposed 

1 “Open” injuries — In this group the nerve injurj is accompanied 
bj an accidental wound 

2 ^‘Closed” injuries. — In the absence of an external wound a 
nerve trunk maj sustam damage in the followrng circumstances — 
(i) Contusion or laceration due to a smgit sev ere blow from without, or to 
the initial displacement of a bon\ fragment m an associated fracture 
(a) Continued compression or fncUon, the compressing agent ma} be 

(а) external to the nerv e, e g cicatncial tissue, callus, or abnornul 
skeletal structure (cervical nb), an aneurjsmal sac, a new growth, or 

(б) m the substance of the nerve-trunk itself, e g interstitial changes 
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followng hemorrhage or inflammation and the rare ncoph«ms of 
nei^etrunks [m) Tractwn themajonh of traction injuncs m\oI\e 
the roots or trunks of the brachial plexus and occur either in the infant 
bom after a difficult labour or m adults after falls on the «houlder 

II PATHOLOGICAL CONSIDFRATIONS 

Healing of injured ncncs (1) After complete division — A\ljen 
a nerve trunk is divided completciv the cut ends retract withm a 
«hort time On the proximal end a bulb rapidlv develops composed 



Fig 258 — Tr&asvene section of ulnar nerve in upper arni 
I {in. above line of suture 

specimen etitauinl fnm in amputitcd lunb three years «I er surgical r*^air ol the niret 
there was no sign ol restceaUoa ot eeodacil tj Intml tul IShnn « I* seen ectertijt 
IniUvidiulneTST-fltns. (Dark sta omi veav) (rVrpa 4.100 mslrhir D EA | 




of proliferating connective tissue and budding nerve fibre** The dist 
Stump maj become atrophic and pointed orma> acquire t 
U nder such conditions spontaneous regeneration on a large scale is 
impossible although a few axons ma^ occasionallj bridge the gap an 
reach the distal tnink m which the classical W^lenan degcneratio 
“has occurred , 

Where the nerve-trunk has been severcl> lacerated with a consi c 
able losS of substance the size of the gap and the conncctiv e ti ^ 
reaction in and around the area of the lesion constitute insupcra 
obstacles to regeneration This fibrous tissue reaction is in 
abundant m a wound contaminated bj pjogenic ,w- 

immical influence of sepsis has been stnlunglj illustraleu i 
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peripheral nerve lesions of modem warfare where a nerve trunk alreadj 
injured b) a missile undergoes further dcstniction in the early stage 
of suppuration When the inflammatory reaction has subsided 
scar tissue formation contributes further to the local obliteration 
of the nerve trunk Finally the fully matured scar presents an 
impenetrable barrier whicU the ^oung avon cannot possiblj, traverse 
These are the grosser and purely local effects of nound mfection but 
there is further damage to be reckoned with Toxins or bacteria 
themselves may travel m the interior of the nerve trunk for a con 
siderable distance above the level of the original lesion An ascending 



Fig 359 — Exposure ol ulnar nerve m upper two thirds of forearm 


ncuntis thus develops the end result of which is a widespread hbrosis 
m the connective tissue framework of the nerve trunk buch changes 
have been repeatedly demonstrated in injured nerves manv inches 
above the primary lesion (Fig 258 ) 

(2) Lesions without loss of continuity — In the nerve injuries pro 
duced by contusion faction or traction with no loss of anaionucai 
continuity the phases of degeneration and attempted regeneration 
take place inside an intact nerve sheath But here also the amount 
of connective tissue reaction detennmtss the success or failure of the 
regenerative efforts When the lesion extends over a considerable 
lengUi of nerve as in many traction injuries few axis cylinders are 
able to find a wav through the formidable mtraneural scar 
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penpheral nerve lesions of modem warfare ''here a ner\e trank already 
injured b) a missile undergoes further destruction m the early stage 
of suppuration When the infiammaton reaction has subsided 
scar tissue formation contributes further to the local obliteration 
of the nerve trank rimll> the fully matured scar preaents an 
impenetrable barrier which the young a\on cannot possibly traverse 
These are the grosser and purely local effects of wound infection but 
there is further damage to be reckoned with Toxins or bictena 
themselves may travel in the intenor of the nerve trunk for a con 
siderable distance above the level of the onginal lesion An ascending 



Fig *59 Exposure of ulnar nerve in upper two th rds of forearm. 
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Qianges in other tissues — Changes xn structure are also found 
in the tissues to which the terminal nerve fibres are distributed 
These changes are due either (a) to disuse, which is an inevitable 
sequela of ner\ e block or (6) to trrxtation of sj mpathetic and sensorj 
axons which remain mtact The disuse changes consist m muscular 
wasting and retarded grow thin the skin, hair, and naiL Thechanges 
dependent on irritation are usually descnbed under the title " trophic " 
and are charactenzed bj a progressue fibrosis xn muscle belhes, tendon 
sheaths and jomt capsules degenerate e changes in the superficial 
tissues and porosis in the bones of the hand or foot 



Tipes of lesion — The histological changes m a nen e trunk due to 
injur> represent a composite picture to which the pnmar> destruction, 
the early and late effects of wound sepsis and the attempts at spon 
taneous repair ha\ e all contnbuted Thus the vanous lesions commonly 
disclosed at operation ha\elio exact anatomical or pathological basis 
But a simple classification is useful to the surgeon, for without •a 
definite schema the correlation of chnical and operative findings is 
impossible For descnptii e purposes it is sufficient to distinguish 
three mam tjpes of lesion (Figs 2o9, 2G0, 261) (a) Complete drnsion 

ivith a gap (6) complete division without a gap (pseudo-contmuitj ) , 
(c) an mtact nerve trunk showing some localized alteration in calibre 
or consistency In this group the nenre-spmdie (fusiform neuroma) is 
the best-knowTi lesion 
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III CLINICAL CONSIDERATIONS 
It IS unnecessary to descnbeinfuU detail thesymptomatologj ofnene 
injunes but it should be agreed that the surgeon must be competent to 
undertake the clinical m-vestigatioa of such patients and that his 
province is more than that of a mere operator 
Ginical sjudromes — ^The state of conductixnty m an injured 
nerve trunk is best considered from the standpomt of the recogmtion 
of certam well defined sjTidromes (1) of complete interruption (2) of 
incomplete interruption (3) of imtation and (4) of recovery 

I Syndrome of complete interruption — A complete nerve block miy 
be present at one stage m almost every tj'pe of lesion the loss of 



7^ orrve ittf o reduuO IP ao brr^Ur 3] rous nI cord 

conduction bcingeitherapassingphaseorapennanentstate (a) I/e/or 
Signs — ^The muscle groups supplied by the injured nerve show a 
complete paralysis of the lower neuron ty^ie — flacciditj wasting loss 
of deep reflexes and certam altcntions in the electrical responses 
(R D ) * (6} Sensory signs — Sensation is lost m an area representing 
the exclusive supply of the nerve It is customary to record sensory 
loss in terms of three types of stimulus — (i) epicntic loss embracing 
the absence of response to the lightest touch inability to recognize the 
finer vanations in temperature and failure to localire accurately the 
point of a stimulus (u) protopitlnc loss (malgesia) over a less 
extensive and often ill defined zone where painful stimuli and the 
extremes, of temperature are unrecognized (lu) deep loss characterized 
by an absence of those afferent impulses from fascix muscles tendons 

• la the reictfon of (R D J tnpomr I *htrnt tie c mpoOM *Ij«*»* 

>h<«a » po « revmil lA C-C^ > kCC J , 
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and joints which determine the recognition of pressure touch, pressure 
pain, and their localization Tlie area of deep an'csthesii is usuilH 
much smaller than the area of analgesia (c) Vasomolor, secrclory, atui 
trophic sig«s— These are inconspicuous in the syndrome of complete 
block, but the skin maj be cold, pale or dusk) , and slight retraction 
of muscles and fibrous changes in the joint capsules maj be seen 
(rf) The injured nene trunk is usuall) painless on direct palpation 

II Syndrome of incomplete interruption — The sjndrome of partial 
nerve block maj represent a full) -matured lesion for an indefinite 
period Considerable variations mi) be seen, owing to the presence 
of conducting nerve-bundles (1) A characteristic picture is often 
seen in the earlier stages of compression or fnction lesions con- 
sisting of (<?) increasing paral)sis and muscular atrophv , (fi) a dis 
sociated sensory loss with the analgesia (protopathic area) greater 
than the area of tactile (cpicntic) anosthesia • (2) Another variation 
IS the distal sjndrome in vvhicli the proximal muscles are active 
but there is a pals) of the distal muscles combined with a more or 
less complete sensor) loss The injured nerve ma) be thickened and 
tender 

III Syndrome of irritation (traumatic neuritis) —This has long 
been recognized as a sinking picture m gunshot injuries, and is also 
seen in some of the nerve injunes of civil life The signs of partial 
block are combined with, and often overshadowed b), trophic and 
sensor) phenomena The latter consist of pain, h\ penesthesia, 
tenderness of the nerve-trunk, cyanosis, gloss) skin, brittle and stunted 
nails and rigid contractures In the most severe form of the irritation 
S)'ndrome known as catisalgta, which is seen more especially in gunshot 
injuries of the median and sciatic nerves, the s) mptoms are of dramatic 
intensit) Agonizing pam of a bursting or burning t) pe is felt in the 
hand or foot and is enhanced b) all forms of emotional or physical 
stimuli 

IV Syndrome of recovery — ^Tonc appears m the wasted muscles, 
whicli become undul) sensitive Later there is a return of voluntary 
power accompanied or preceded b) a return of faradic excitability 
After complete nervt-block sensation reappears in overlapping 
stages — rc'covery of deep cutaneous pain, superficial cutaneous pain, 
coarse touch and finally light touch 

Indications rok Opfration 

When a diagnosis of injury to an important nerve-trunk ha- been 
made a further problem at once anses It is ne‘ce‘«sary tbacculc 
whether spontaneous recover) is hkel) to occur, or whether the Ic'^ion 
will demand operative repair In nerve injunes accompanied b) an 
open wound, the damaged nerve mav l>c available for direct inspection 
during an cmcrgenc) operation But m subcutaneous injuries the 
extent of the lesion must usuallv be asses^sed on clinical ev idcnce alone 


■ Sicpplony Bril JM Jttn, Jam 19 IVM I I03S 
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This often means a penod of observation lasting from three to six 
months from the date of the injury If a serious lesion is suspected, it 
IS reasonable to explore the nerve earlj , and to deal ivith it m accord- 
ance with the findings In a certain number of mjunes thus explored 
for diagnostic purposes the lesion will require no form of repair, but in 
competent hands no harm will result from the exposure In the graver 
t>pe of the irritation sj ndrome earlj operation is alwaj s advisable 

IV. OPERATIONS FOR NERVE INJURIES 
Generai. Considerations 

It IS customary to distinguish between the primary and secondary 
exploration of an injured nerve , 

Primary exploration is rarely practised except where the nerve 
injury is accompanied bj an external wound In civil injuries, which 
are commonlj produced by the penetration of sharp instruments, 
fragments of glass and the like the wound maj be comparativelj 
clean ’ Under such conditions the immediate suture of a divided 
nerve is likely to be followed by uninterrupted recovery But where 
the wound is infected from the outset recoverj after primary nerve- 
suture is problematical, for sepsis is alwaj s mimical to regeneration 
In infected wounds it is often wise to repair less vulnerable structures 
(eg divided tendons), and to postpone repair of the nene until a 
later stage Meanwhile the ends should be approximated by one or 
two sheath sutures and the nerve-trunk shut off from contact with 
the infected and injured area WTicn the wound has soundlj healed, 
the nerve should be re explored and repair completed These con- 
siderations apply with particular force to gunshot wounds m which 
gross contamination is the rule 

Secondary explorations are undertaken (a) after the healing of an 
accidental wound or (6) m “ closed ’ or subcutaneous nerve mjunes 
produced by contusion compression, or traction In the former a 
probationary period of from three to six weeks should be allowed after 
final healmg in order to avoid the nsk of a recrudescence of infection 
During this time the nutrition of the mjured part should be maintained 
and improved by appropnate phj siotherapeutic treatment Skm- 
scars should be softened and loosened, and stiffened joints mobilized 
Such obstacles to free mobihtj not onlj add to the difficulty of the 
exposure of the nerve, but maj render the lesion irreparable Tlie 
operation will be less difficult if attention n. also paid to the following 
prelimmarj details — (n) A wide skm area should be sterilized, which 
should include the whole hmb and often part of the trunk [h) suitable 
splints should be assembled whicJi have alrcadj been fitted to the hmb 
in the position hkclj to be adopted when the operation is completed , 
(c) the correct position of the patient and hmb on the operation tabic 
should be tned before the stcnlc sheets are m place Where an 
alteration m position is neccssarj in the closing stages of the operation, 
the arrangements should allow the change to be made witli the 
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minimum disturbance The success of t!ie operation ma> depend on 
careful pre*operali\e rehearsal Manx of the operations for extensuc 
nerve mjunes are e\ceedingl\ difficult and tedious 

Exploration of an Injured Nerve 

Tlie operation compnses the following steps — 

(I) The sUn-lncision, which is made eitlier over the course of the 
nerve or in the form of a flap 

(II) Exposure of the nene-tnmk.— The nerve is u5uall> disphied 
after opening up a suitable intermuscular space, and is sought (ox first 
aboie and then bclo<i} the lexel of the leston Tlie trunk is freed from its 
bedb\ gentle dissection, care being taken to avoid injurj to the sheath 

(III) Electrical stimulation. — If the nerve-trunk is intact the 
response to direct excitation is noted A suitable sterilized electrode 
(bipolar or unipolar) wath long cords connected to a faradic coU, is 
used If the umpolar method is adopted, the “ pad '' electrode should 
be placed in contact vnth the patient's bod> before the operation 
begins 

In a nerve injury of more than two weeks’ «tandmg, a response to 
the faradic current indicates contmuitj of nerve-fibres through the 
lesion A negative response wtthm sl\ months confirms the clinical 
supposition that actual degeneration of nenc fibres has occurred In 
a nerve trunk explored manj months bejond the normal limits of the 
spontaneous regeneration penod, a lack of response suggests the eM«t* 
once of a permanent block to regeneration But a positixe reapon«v 
max occasionallj be elicited during an operation when the sjndrome 
of complete nerve-block has evicted for a long time and pre operative 
electncil tests have shown an absent faradic reaction in the affe'tcd 
mu«cles It Is believed that regenerated sensorv fibres whicli have 
grown down motor-sheaths in the dbtal trunk raaj acquire con- 
nections with motor end organs, and later react to direct faradic 
stimulation In addition to testing conduction m the injured nerve 
trunk Itself the faradic stimulus is useful m the identification (a) of 
neighbouring nerve trunks in the operation field, and (6) of motor 
branches ansing proximal to tlie lesion 

(IV) Exposure of the lesion. — this stage the operation difficulties 
usually ansc owing to the obliteration of landmarks bv 'car tis«uc 
Wien the area of the lesion is first attacked it is wise to assume tlial 
the block of the scar tissue contains intact nerv e bundles, however 
unpromising its appearance A nerve trunk, much distorted and 
thickened but cipvble of future conduction, may often be disentangled 
from a dense ‘=car For this reason all mciMons should be made m the 
long avis of the nerv e dunng the dissection 

(^^ Treatment of the lesion — The method adopted v\ill depend on 
tlie extent of the lesion and its effect on tlie conducting powers of the 
nerve 
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(1) Nerre-block — \Vhere there is a complete solution of continuity, 
the operation of end lo-cnd suture alone w ill suffice Where the nerv c 
trunk shows insignificant macroscopical changes as in many of the 
subcutaneous injuries, freeing of the nene, removal of the compressing 
agent, or displacement of the nene to a new bed is the appropriate 
measure—i e the operation of neurolysts 

In many of the graver lesions which shou an apparent naked eje 
continuity, the choice has to be made between resedton followed by 
sulure and the conservative operation of No hard and fast 

rules can be laid down The su^eon must attempt to estimate the 
relative amount of scar and intact nerve-fibres Useful information 
may sometimes be obtained by incising the nerve-sheath in a longi- 
tudinal direction and inspecting the contained bundles ^^'hcn the 
cicatricial tissue predominates regeneration on a large scale after 
neurolysis is impossible In long standing nerve injuries presenting 
such a condition of affairs resection is often indicated, but a cautious 
attitude should be adopted towards more recent injuries, m which 
neurolysis should be given a trial Ifrccoverydocs not follow neurolysis 
the nerve should be re explored without undue delay, and the area 
of the lesion resected Where the clinical signs point to partial inter 
ruption of conduction the choice bctvvcen resection and neurolysis 
IS often determined by the relative importance of the motor and sensory 
functions subserved by the injured nerve Thus in the median nerie 
it IS reasonable to sacrifice intact motor bundles when the obstacles 
to the regeneration of sensory fibres are admittedly insuperable In 
the ulnar nene the conditions are reversed , the sensory supply is of 
little value compared with the function of the intrinsic muscles of the 
hand 

(2) Irritation syndrome — So far the nerve lesion has been con 
sidercd merely m relation to the loss of conduction and the problem of 
Its restoration by operation But in certain nerve injunes the clinical 
signs are mainly those of tmlalton Many of the milder types of 
traumatic neuntis respond well to conservative treatment but. if 
operation becomes advisable neurolysis is the procedure of choree 
In the special form of the imtation svndrome known as causaliia, the 
affected nerve should always be explored In this condition and m 
other sev ere forms of traumatic neuntis conduction must be completely 
abolislied Tins may be attamevi m two — 

(a) Inttancural injection of alcohol — It has been claimed tint CO per 
cent alcohol spares the motor fibres and merely produces a temporary 
block in Uic sensory bundles of a mived nerve (Sicard) But if the 
sensory' block is to bo tnily effective the nsk of motor palsy must 
always be faced In causalgia, complete obliteration is justifiable, for 
nothing less will reheie the intolerable sensory symptoms The in- 
jection technique is simple A fine hv'podenuic needle is thrust into 
the nerve trunk above the level of the I^ion, and the complete cross 
section infiltrated with absolute alcohol The nerve becomes distended 
in the region of the injection and assumes a dead white appcinnce. 
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(6) Reseclion and end io end suture — Resection of the lesion foUowetl 
by end to-end suture is a more certain and accurate method of pro 
ducing complete ner\ e bloch and is to be recommended for causalgia 
First suggested by Jaboulaj penarterial sympathectomy has been 
practised b> I^nche* for a wide aanet> of conditions affecting the 
extremities m which there is a vnso motor disturbance The operation 
consists in exposing the mam artery m the proximal part of the hmb 
and stripping off the adventitia over a length of about tuo inclics 
In median causalgia the axillary or upper part of the hrachal artery 
IS denuded in this way in sciatic causalgia the common femoral is 
stripped Modifications of the original technique have been introduced 
in which the outer coat of the vessel is painted with phenol or in 
filtrated with alcohol After stripping the artery show s a temporary 
diminution in calibre succeeded by a dilatation w hich lasts for a short 
time only The operation was originally based on the assumption 
that the sympathetic fibres of the limb join the larger arteries high up 
and accompany them along the w hole of their course This conception 
IS now known to be incorrect for the mam sympathetic supply is 
contained m the peripheral nerve trunks and the fibres are given off 
to the arteries at successive levels It seems that if sj'mpathectomv 
IS the appropriate operation for the rehef of severe traumatic neuritis 
then the more effective and lasting block secured by gangUoneetomy is 
likely to be required Few surgeons other than Lerichc have been 
successful m the treatment of imtahv c nerve lesions by the penarterial 
operation 

ExD TO EXD SUTURC 

Difliculties — Uhere considerable loss of nerve substance has 
occurred certain technical manceuvres which facilitate end to-end 
apposition must be utilured (n) The nerve trunk should be exposed 
and mobilized as widely as possible This can be done with impunity 
as the intrancural vascular supply alone is sufficient to maintain 
adequate nutrition f The nerve trunk should be fully relaxed by 
an appropnatc change m the position of the hmb 


Position of Relaxation of Main Nerve trums 


Nfrvt 

1 Position 

jfi fretx c 

Musculo spiral nerv e 

tdnar nerve — if nerve is left behind 
the internal condvle 
t Inar nerv e — if nerv e is displaced m 
front of the cpicondjle 

Bracliial plexus 

Sciatic nerve and its main divisions 

Upper acm dose ta o\osf dlxm s.'nJ 
vvnst fully flexed 

Upper arm close to chest elbow fully 
flexed wnst dorsiflcxcd 

Upper arm close to chest elbow ex 
tended WTist flexed 

Upper arm close to chest elbow and 
vvnst fully flexed 

Head approximated to shoulder arm 
elevated or close to cheat 
Hiphy'perextended knee fully flexed 

• rr suit JutU April!) 1918. ii w ITS. 
t Tomci, Cinfg Pff Of.* d Slastrnsm July W -79 


July W 



END-TO-END SUTURE 




(c) Motor branches arising proximal to the lesion, ^vhicli always tend 
to anchor the nerve trunk, should be stnpped up from withm the nerve- 
sheath and thus artificially elongated If done with extreme delicacy 
the small tuigs suffer no permanent injurj (rf) Displacement of the 
nerve to a new bed m order 


to shorten its course, e g 
transposition of the ulnar 
nerve to the front of the 
elbow If, m spite of such 
“fforts end to end apposition 
is still unattainable there re 
mam two altematives~(c) 
The tv, 0 stage operation At 
the firsl exploration the un 
trimmed nerve stumps are 
approximated as closely as 
possible and anchored by a 
stout suture, u ith the limb in 
the position u hich affords the 
maximum relaxation Tlie 
w ound IS then closed A few 
days later gradual stretching 
of the flexed ]oint is begun 
and completed by the end of 
a fortnight The steady 
traction tends to elongate 
the nerve trunk, and so djmi 
nish the gap In the second 
stage the wound is re opened 
and an attempt made to com 
plete the suture (/) Bone 



shortening This operation 

has been practised both m 

the forearm and m the low er y 

limb, but It IS generally ^ ~ 

agreed that it is justifiable 

only as a method of facihtat- ^ ^ 

ing repair of the vittscuh ^ ___ — 

spiral nerve when accom- 
panied bv an unumted frac- 2®* —technique of nerre suture Shows 
Tn the ranoos stages in resection and suture Note 
ture 01 the humerus in the guide sutures and the appro*iroation of the 
such combined injuries, rc- sheath bj interrupted stitches 

freshing and shortening of 

the bone ends is a necessary step m any operation designed to promote 


union 

Suture technique. (Tig 2G2) — (a) Trimming the nerve ends — Tlic 
essence of nerve suture is to bnng normal bundles in tlie proximal 
stump into apposition with normal bundles in the distal stump In a 
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complete anatomical lesion a prcliminarj trimming of the neiaebiilb 
IS necessary \\hcre pseiulo^ontmuitj is present the injured segment 
must be resected On the trimmed surfaces there should be no micro 
scopic areas of fibrous tissue Gelatinous bundles in the provinnl 
stnmp arc reisonablj safe but when possible it is wiser to rc<ect at i 
luglior lc\el In gra\c injunes a considerable length of none mi) 
require resection and the resulting gap may bnng the lesion almost 
into the irreparable class The nsk of this dilemma should be c\er 
present in the mind of the surgeon 

(6) Coaptation of the surfaces — ^Wlicn there has been little or no 
loss of substance the ner\e>cnds can often be apposecl without gro •» 
disturbance of the original ncr\e pattern In evtensue mjunes 
this is absolutely impracticable A simple method of ensuring accuracy 
IS to insert guide sutures into the nerve sheath at corresponding points 
above and below the level of the lesion before resection or trimming is 
completed The cut surfaces are now brought into bare contact under 
slight tension crow ding or c\ crsion of the bundles should be a\ oidcd 
Tlie actual suture consists in approximating the iicru, shcalf by means 
of some half dozen mtenaipte<l stitches It must be remcmlxretl that 
every suture produces a connective tissue reaction along its track but 
the reaction is minimal when the matcnal is non irritating and of very 
fine calibre I me silk or linen thread (ICO) or plain catgut (00000) 
mounted on slender round bodied atraumatic needles should be pre- 
pared for routine use m all operations on pcnphcral nerves Catgut 
impregnated with formalin chromic acid or any other chemical is not 
admissible for this purpose 

(c) The nerve bed — The repaired nervt should be replaced m a l>ed 
from which all scar has been removed Wicn possible it should he in 
contact with liealthv muscle and if necessary should be displaced from 
its course in order to attain ideal suiroumhngs In cert im regions 
where a suitable bed is. unavailable or not easily constructed a sheet of 
fascia may be interposeti as a covering for such dangerous areas i*. 
denuded bone or tendon Tlic complete investment of the repaired 
nerve by sleeves of fat fascia or ammal membrane is not 
recommended 


\CUROLVSlS 

In its hmitwl «cnse the term ww/ofisw implies tJie simple release of 
a nerve tnmk from the restraining or constricting effects of scar or other 
abnormal structures Tlic proctdtin. is thus an essential feature of 
almost every operation for nervt repair Special tcclmical nnnauvrts 
are sometimes included under the heading of neurolysis Tims m 
dealing with an adherent nerve spindle it is legitimate to dissect off the 
superficial layers of a densely thickened capsule (capsulcctoniv 
neurolysis) Removal of scar tissue from the interior of a nerve-trunk 
(endoneurolysis) has often been attcmptctl but is mainly a theoretical 
proccelurt apt to do more harm than good After the nerve tnmk has 
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been freed and the compressing agent removed, the nene bed should 
be reconstructed, or a neu bed provided 

Operations tor Irreparable Nerve Lesions 

Irreparable ner\e lesions are rare except in gunshot injuries After 
failure to obtain end to end suture by the two stage operation, the 
surgeon is faced with the prospect of (a) attempting some form of 
" bridge ' operation , or (S) abandoning the nerve repair, and later 
adopting one of the recognized alternative operations on tendons, bones 
or joints 

I Bridge operations. — The term is used to describe the various 
methods of filling in extensive gaps Many operations formerly 
practised to attain this end are now of purelj histoncal mterest , eg 
bridging by flaps (neuroplasty) , fascial tubulization There remain 
for serious consideration two procedures 

{a) Nerve-grafting — It has been well established in animal experiments 
that regenerating nerve fibres are able to cross a shorl gap and in their 
journey utilize the channels afforded by a nerve graft, w hether obtained 
from autogenous homogenousorheterogeneoussources In the earliest 
grafting operations for nerve injuries it was not realized that a graft 
unequal m calibre to the lost segment could not possibly convey enough 
axis cylinders to restore adequate function As an autogenous graft 
of full cahbre was rarely obtainable a method was later tried in which 
a considerable length of sensory nerve was divided into a number of 
grafts, and inserted in the gap in " cable ’ fashion Large nerv e grafts 
(homogenous or heterogeneous) preserved m alcohol liave also been 
used, more particularlj by the Trench surgeons More recently, the 
implantation of an autogenous graft winch has been previously allowed 
to degenerate tn sttu Ins been practised The advantages claimed 
for a degenerated graft are not confirmed m experimental grafting in 
the cat * In the hands of Duel and BaUmcef this technique has been 
most successful, the results m facial palsy being supenor to those 
obtained from any t>pc of nerve anastomo'^is A survey of the results 
of a considerable number of nerve grafting operations has shown tint 
ihe have been lailures, aStkimgh partiai recoier}^ of function 

has been recorded in a few cases by competent obsen ers The operation 
IS essentially a last resort and should be practised only where no 
alternative procedure of equivalent v'alue, such as tendon transplanta- 
tion, is available 

(6) Nerve-crossing (nen e anastomosis , lateral implantation) — I^’anous 
tj jies of nerve-crossing Inv e been tested both in experimental w orb and 
in the repair of nen e injuries In tjie earlier operations tlie distal end 
of the injured nen e w as either implanted into a slit m a neighbouring 
sound nen'e or, more exceptionally sutured to its centml end after 
complete section Later the method of doiibU lateral implantation 
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uas introduced * In this procedure both the central ind distal ends 
of the injured ners e arc implanted some little distance apart into the 
receii ing nera e uhich proiides as it u ere a h\ang bndge 
Under e\penmental conditions the feasibility of rcstonng function bj 
ner\e-crossing has been repeatedly pro\ed but nhen this operation is 
applied to the treatment of nerve injuries in the human subject it is 
attended by obvious disadvantages In the first place the reinforcing 
nerve must be deliberately injured although such a sacrifice may con 
ccivably be justifiable It has been claimed however that the div 
turbance of conduction is negligible when double implantation is 
carried out w :th great delicacy TTien again as in other tyTies of bridge 
operation a limited number of axons w ill gain admission to the empty 
sheaths of the distal trunk and of these few if any will reach suitable 
end organs But when due allowance has been made for sucli im 
perfections the operation of nerv c-crossmg has acluevetl some degree 
of success as a method of indirect nerve repair m certain situations 
Its scope may be bnefly considered m relation to (i) the facial nerve 
(n) the brachial plexus and (tit) the larger nerves of the upper limb 
hacial ncnc — The first nerve-crossing for facial palsy was done m 
1895 (Drobnik) the spival accessory being chosen as the reinforcing 
nerve The operation was practised wath occasional success for many 
years but later was supplanted by /<icio anastomosis which 

involved the lesser sacrifice of the relatively unimportant lingual 
muscles rrtcio-gfosso/>A<TO«gf<i/anastomosisby thcend to-endmethod 
has also been tned and is regarded b\ some authorities as a definite 
advance in technique t Nerve anastomosis m facial palsv how’ever 
seems likely to pass into the category of operations of histoncal 
interest See Operations on the Facial Nerve (p 471) 

Brachial plexus — Experimental nen c-crossing after the division of 
/ao or more brachial plexus roots m monkeys has been followed by 
genuine restoration of function (Kennedv) In the small proportion 
of complicated plexus mjunes where end to-end suture is feasible after 
resection of the block the distal trunks often outnumber the proximal 
trunks In such circumstances the operation of repair becomes m 
part at least an unavoidable experiment in nerve crossing 

upper limb iiene irtniKs — There arc many examples on record where 
incomplete peripheral anastomosis between theme finnand «hwr nerves 
has resulted in permanent damage to the recipient nerve with nocom 
pensatorv restoration of function m the injured nen c The operation 
therefore cannot be recommended A few examples of j artial motor 
and sensory recovery following double lateral implantation have been 
observed (jovee) At the present time however all forms of nerve 
crossing in the upper limb are si b jttitce and are best avoided 

II Altcmatne operations — The operations which fall under thi-s 
heading arc designed either (1) to restore lost motor fun lion or (2) to 
eliminate a painful useless or dangerous limb The available rccon 
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structive procedures have long been practised in the residual paralj scs 
of anterior poliomyelitis In irreparable nerve injuries the following 
operations maj be used Avith advantage — 

(n) Tendon transplantation — In lesions of the mwscnlo spiral (and 
postenor mteros->eoiis) transplantation of the pronator radii teres into 
the radial extensors the flexor carpi radialis into the short thumb 
extensors and the flexor carpi ulnans into the long thumb extensors 
and extensors of the fingers gives striking results In median lesions 
opposition of the thumb may be rtstoretl b) an appropriate tendon 
transplantation (s« p 1G7) 

(6) Arthrodesis to stabilize a flail jomt accompanying an extensive 
palsy The operation is chiefly practised on the shoulder joint and 
smaller joints of the foot (scu p 122) 

(c) Amputation is chiefly called for m old sciatic mjunc-s with pain 
and intractable ulceration of the foot {see p 377) 


V OPERATIONS ON INDIVIDUAL NERVE-TRUNKS 
Operations on the Brachial Pltxus 

Indications — ^The more important lesions for wlncli operative lx 
ploration ma\ be required irc (<i) Traction injuries of the supra 
clavicular trunks (birtli palsy traction lesions of the adult) (6) com 
pression or fnction neuritis of the lower trunks associated w ith a cervical 
nb (c) penetrating injuries accidental or gunshot wounds involving 
the supraclavicular or mfraclavicular regions where the great vessels 
have escaped immediate serious damage (d) contusion of the mfra 
clavicular trunks complicating shoulder joint dislocations and injuries 
of the upper end of the humerus or glenoid fossa 

Special anatomical features — (1) The supraclavicular nerve trunks 
are invested by a fascial sheath which is peculiarly dense under normal 
conditions and which when mv-idcd by scar tissue makes the dis 
entanglement of the nerves an exceedingly difiicult feat 

(2) The two scalene muscles are the main guides to the upper part 
of the plexus 

(3) Certain of the smaller primary branches of the cervical or brachial 
plexus are important anatomical landmarks These an, the nerve to 
the rhomboid! the nerve of Bell and the phrenic nerve 

(4) The suprascapular nerve whHi is comparatively large and easily 
exposed when traced upwards enables the surgeon to display the 
junction of the 5th and Cth cervical anterior pnmary divisions 

(5) To expose effectively the lowest trunk of the brachial plexus the 
subclavian artery must be freed by delicate dissection and gentlv 
retracted In this region the relation of the structures to the first nb 
and to the dome of the pleura must be recalled 

(0) In the more extensive lesions m which end to end suture of 
several trunks la necessary , division of the clavicle is an essential step 
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Preparations for operation. — (1) In the graver traction or penetrating 
lesions %vhcre end-to-end suture is likely to be required, postoperative 
relaxation of the sutured ncr\'e-tranks must be pronded for. This uill 
mean approximation of the head to the shoulder, ^\lth the arm abducted 
or even fullj elevated. A moulded splint or plaster-of-Paris shell should 
be constructed in advance. (2) The skin preparation should include the 
whole neck (the lower occipital region should be shaved), half the tipjTcr 



Fig 365 — Exploration of brachial plexus Shows three 
types qC sidn Incuioru 


chest, and the upper limb as far as the finger-tips (8) As it may 1x5 
necessan to dnidc the clavicle, dnib, saws and hone-suture material 
should be included in the armamentarium 

Position on the operating-tabic.— The patient is placed on his back, 
with a small sandbag between the shoulder-blades The arm on the 
operation side is pulled down close to the bod}’, and the liead 
towards the opposite shoulder. The anresthetUt should use one o* the 
recognized “long distance" methods of administration whicli allows 
the head of the patient to be covered completely b\ sterile towels. 
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SkiD'incision. — ^The choice is offered of — 

(tr) A {lap with a vertical hmb skirting the postenor border of the 
stemo-mastoid in the lower half, and a horizontal limb 
placed m the infraclavicular hollow (Stiles) (Fig 2G3, b ) 
For exposure of the infraclavicular plexus an additional 
incision IS earned downwards over the antenor fold of the 
axilla 

(i) A single oblique cut, beginning at the postenor border of the 
stemo-mastoid and ending below ov'er the coracoid (Fig 
203, A ) 

(r) A transicrse incision across the root of the nock at right angles 
to the line of the plexus trunks (A S Ta\Ior) (Fig 263, c ) 
This gives admirable access 

Exposure of the supraclavicular trunks and branches. — The various 
stages may be desenbed in sequence — 

I The skm-fiap is reflected and the plat\ sma divided along the same 
hne The hteral border of the stemo mastoid is defined and the deep 
fascia divided above the clavicle This outlines the supraclavicular 
pad of fat and 1} mphatic glands which should be carcfull> turned aside 
and preserved The external ]ugular\'em will now require ligature and 
the omo'hvoid muscle, which also bars the was to the nervo-tninks, 
should be divided With adequate retraction of the stemo-mastoid the 
antenor and middle scalene muscles are clearly display ed, and between 
them the upper and middle trunks of the plexus appear enclosed m a 
common fascial sheath The latter is often peculiarly tougii and is 
closely fixed to the sheath of the scalenus medius 

II The upper trunk is short and divides at Erb's point into three 
branches [a] the suprascapular nerve , (6) the branch to the outer 
cord , and (c) a branch to the postenor cord Tlie first-named, when 
traced upwards, is a useful guide to the mam tnmk If necessary , the 
antenor pnmary divisions of the 6th and 6th cervical nerves may be 
followed up to the level of the cervical transverse processes 

The middle trunk is intimately related to the upper trunk in the com- 
mon sheath In the presence of scar tissue, the disentanglement of the 
nerve-trunks from the scalencs ij> often a most difficult and tedious 
affair 

At this stage m the supraclavicular dissection there are certain 
smaller branches whose recognition and conservation is important 
TliD phrenic nerve lies on the anterior surface of the scalenus anticus 
and IS easiK seen when the stemo-mastoid is retracted mcsially Tlie 
long thoracic nerve (nerve of Bell) should be found piercing tht scalenus 
mcdiu-. in the upper part of the wound, with the nerv e to the rhombouls 
at a still higher level Wlicre there is little scar tl^sue the slender nerv e 
to the suhclavius is often demonstrable 

III The lowest trunk which lies on the first nb next comes into the 
field, but IS somewhat hidden until the suprascapular and tran^ver-e 

IG 
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cen- ical \ eins have been dmded and tied and the subclav lan arter> has 
been gentlv mobilized and retracted do\vnw'ards The parent roots of 
the trunk (8th ceiaical and 1st dorsal) maj be full} exposed by detach 
ing the whole or part of the scalenus anticus muscle from the nb The 
thin fascial co\enng o\er the pleural dome and the pleura itself are 
easil} tom an accident of little significance but one which should be 
avoided if possible 

Removal of a cervical rib — As the exposure of the lowest trunk 
is the anatomical basis of the removal of a cervical nb the special 
features of this operation are convenient!} descnbed here 

Supemumerar} nbs varj in size and type (1) The common and 
primitive type isanexaggerationofthecostalprocess of the 7th cervical 
vertebra from the tip of which a fibrous band runs downwards to be 
attached below to the first dorsal nb (2) In marked contrast is the 
full} developed cervical nb articulated to the vertebra and fused at its 
antenor end to the first nb 

The relation of the plexus trunks to the extra nb is also v amble A 
common arrangement is for the 7th cervical (or middle trunk) to cross 
its bon} part whilst the 8th cervical (or lowest trunk) passes over the 
fibrous prolongation The subclavian artery which lies in front of the 
nb may show a slight dilatation and its pulsation ma} be unusuall} 
well marked The suprascapular or transversahs colh vessels often run 
transversel} m close contact with the nb The subclavian vein at a 
lower level is out of the operation field In the rudimentarj t}pe 
the costal process lies hidden in the fibres of tKe middle scalene and is 
most readil} approached between the upper and middle trunks 
adequate retraction in this interval also allows the fibrous band to be 
clearl} displa}ed After the nb has been clearly defined and the 
neurovascular structures related to it freed it is divided above at the 
level of the transverse process and below at its junction with the first 
dorsal nb When all muscular and fascial attachments have been 
divided the nb can be neatly lifted out of the wound Ifipenosteal 
sheath is left behind re-formation of the nb may oc ur 

Removal of the 1st dorsal nb — Removal of a normal or rudi 
mentary 1st dorsal nb has been practised with considerable success m 
certain cases of compression neuritis of the lower trunk where no 
definite cervical nb has been demonstrable It is probable however 
that the neuritis in these cases is due to the presence of the fibrous 
band contamed m the scalenus medms which represents the 7th 
cervical nb m its most rudimentary stage 

As removal of this band or dmsion of the muscle alone is sufficient 
to free the lower trunk it should rarely be necessary to resect the 
portion of nb to which both the band and the imddle "scalene are 
inserted If for any reason removal of part of the nb is considered 
desirable the plexus trunks should be fre^ and retracted as descnbed 
The middle scalene attachment is then sepirated from the upper 
surface of the rib theintercostnls and serratus from the outer border 
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and lastly the pleural fascia from its inner border Carefully pro 
tccting the pleura the bared portion of the rib is duided in front and 
behind and removed 

A considerable dead space is left which should be obliterated 
by the deeper sutures 

Exposure of the complete plexus (Dg 264 ) —This is required m 
the grave lesions involving multijile trunks when end to-end suture is 
necessary Tlie supraclavicular exposure is the first stage the 
infraclavicular exposure is effected m the following manner Tlie 
additional skin incision will be required 



Fig 264 — Complete exposure of brachial plexus aft'r div sion of claricle 

4 Dwisibw ot tht ttaxwVe — ^The ctavvc-le vs bated subpe-tvosttaU^ 
m its middle third and dniled on each side of the proposed line of 
section* Tlie drill hole>5 should be so placed that the suture knot will 
lie buned under the lower border of the bone when the ends are 
approximated The section is com cmcntli begun b> means of a Gigh 
saw and completed b> bone cutting forceps The shoulder now drops 
backw ards and dow nw ards and a gap is opened up 

2 Exposure of the infraclavicular nerve trunks Wlien the ends 
of the clavicle are retracted the nerve-trunks are still hidden by the 
subclavius muscle and costo coracoid membrane This musculo 
aponeurotic barrier must be cautiously divided and the dissection 
continued lower down in the interval between the deltoid and pectoralis 
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major fibres The external antenor thoracic nerve is often seen at 
this juncture and as the apex of the axiha is opened up the three 
secondary trunks (cords) are identified m close relation to the axillarv 
vessels their sheaths being most intimately connected The oulcr ani 
fostenor cords lie above and lateral to the vessels The inner cord is 
just on the point of crossing behind the artery 

Repair of plexus lesions. Supraclavicular injuries — (1) In the 
graver traction lesions both in the child (birth palsy) and adults 
formidable difficulties are encountered in the actual exposure and 
identification of the nerv e trunks and m their subsequent repair In 



Fig 265 — Severe lesion of the eupraclavicular brachial plexus tninka 
The outer trunk ts intact the middle and inner trunks have been 
avuhed high up close to the intervertebral foramina 

multiple trunk injuries the lesions are invariably concentnted at 
different levels uith the result that the supraclavicular nerves later 
become incorporated in a dense mass of scar which also contains the 
fibrous remains of the scalene muscles But in the midst of such an 
extensive cicatnx nerve bundles often remain intact and further 
recovery of function may be anticipated The 5th and fith nerves are 
usually recognizable just belovv the cervical transverse processes but 
almost immediately plunge into the block of scar The 7th nerve 
joins a little lower down A not uncommon condition is to find the 
middle trunk completely avulsed at the level of the intcnertebral 
foramen (Fig 2G5) The lower trunk is generally intact although 
much indurated Just above the clavicle the distal trunks are seen 
to emerge from the lower pole of the cicatncial mass In this complex 
scar Erb s point and the vanous divisions and fusions of thepnmatj 
trunks which form the secondary plexus trunks he hidden In my 
experience it is often possible by patient dissection to disentangle nerve 
trunks w hich show naked e> e pseudo-continuity The choice betw een a 
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neurolysis and the radical operation of resection and suture must then be 
made If there arc \ery few intact bundles a neuroljsis will in no way 
further the regenerative process On the other hand, in a removal 
cn masse of the intervening block of scar, conducting bundles are 
almost certain to be sacnficed and a considerable gap remains to be 
closed, with the distal nei^e stumps outnumbermg the proximal 
stumps Expenence has show n that it is w ise to adopt a conserYati\ e 
attitude tow ards multiple trunk lesions when, afterresection, end-to-end 
suture may pro>e difficult or impracticable When the mam nerve- 
trunks have been isolated the fibrous remains of the scalenus anticus 
should always be removed, care being taken to preserve the phrenic 
nerve This step allows the nerve-tninks to be mobilized to the 
utmost and in my opinion is essential m a neurolysis of the plexus 

In the rare lesions treated by resection, when suture is performed 
under considerable tension, the most complete relaxation of the 
brachial trunks is required,*with the head and shoulder approximated 
and the upper arm in full elevation 

(2) Ctreumsertbed lesions of the plexus are more easily dealt with 
Of these the traction injury concentrated at Erb’s point is perhaps 
the most familiar type \^en resection is performed at this level, 
the operation consists of suture of proximal trunks (5th and 6th) 
to three distal trunks (suprascapular nerve, branch to the outer cord, 
branch to the postenor cord) In spite of discrepancies m calibre it is 
generally possible to effect an accurate and artistic repair 

Infraclavteular injuries, when due to wounds, maybe complicated 
by involvement of the great vessels * In non fatal cases the axillary 
artery has usually been ligatured as a life-saving measure the nerve 
injury presenting itself for treatment at a later date Where the 
arterial lesion is incomplete at the onset an aneurysm may develop 
The nerve-trunks are generally found closely adherent to the aneurys- 
mal sac, or to the remains of Uie artery After freeing the nerves, the 
fibrous cord of the thrombosed vessel should be removed entirely 

Closure of the wound. — Wlicre, after complete removal of the scar 
tissue surrounding the supraclavicular trunks it has been impossible 
to conserve the supraclavicular fat-pad, little more than the skm-flap 
may remain to cover tlie repaired nerves Under such circumstances 
it IS wase to introduce a connective tissue covenng for the supraclavi- 
cular tnangle Tor this a sheet of fascia lata affixed by a few sutures 
at the edges la most satisfactory \Vhenever possible the platysma 
should be restored by accurate sutunng The clavade ends are best 
apposed and fixed by double silkworm gut sutures with the knots well 
buried The skin incision should be dosed with a view to ensunng 
a creditable cosmetic result 

Poslopcrathc position — The position of fullcat relaxation of the 
repaired trunks should be maintained for a week At the end of this 
time the head may be released, but the arm should not be lowered until 
a fortnight has elapsed Relaxation of the paralysed musde> will be 
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continued until Mgns of rccovtn appeir In the eirlur stages of 
after-treatment a special effort should be made to pre\ent matting of 
the tissues in the supracla\icular region 

Exploration of the PtEXts Cords Axn Chief Braxches 
IN THE Axilla 

Position of patient. — Tlje upper hmb is placed at nght angles to 
the operating-table, resting on a narrow support 

Skin incision. — Beginning below the cla\iclo, the incision runs down- 
wards o\er the antenor axillarv fold and is continued m the upper 
arm along the line of the corxco brachialis muscle 

Exposure of the nerre-trunks. — Tlie pcctorahs major fibres are 
divided frecl>, and the nerve trunks first approached in the lower part 
of Uie wound and next at the apex of tlie axilla \\ith the proximal 
and distal exposure completed, it is simple to work dowaiwards and 
displav the trunks m their middle course In the dislal part of the field 
the inner edge of the coraco brachialis is defined as the mam guide to 
the median nerve which overlaps the axillarj arterj on tlie lateral 
side The uhtar nerve is mesial to the vessel, but m a more postenor 
plane At the proximal limits of the wound, the pcctoralis minor 
muscle IS found to screen off a considerable area, and i» therefore 
best divided Immcdiatch below the clavicle the three secondarj 
plexus trunks arc identified m relation to the vesscU At a lower 
level the main upper hmb nerves arc displaced m turn (a) On the 
outer wall of the axilla, at the level of the coracoid, the miisculo' 
eutatieoiis nerve is seen to enter the coraco-braclitalts [b) Tlie outer 
head of the median nerve leads to the mam trunk, which runs latcrul 
to the axillarj arter> The proximal part of the median nerve is 
surrounded b) the vena? comitcs of the axillarv arterj , and its separa- 
tion must he earned out with caution (c) TIic ulnar nerve is in close 
relation to the axillaij vein Near bv are the less important sciT'Orv 
. nerves — the mlcmal cutaneous and lesser internal cutaneous — which 
are Iikel) to escape recognition where dense scar is present (if) The 
musculo-sptral nerve is hidden from view, as it lies on the posterior 
axillarj wall In the upper part of its aMlJarj course it is approached 
bj retractmg the larger vessels and nerve-trunks outwards Lower 
down the interval between arterv and vein is the natural plane , (lie 
former is retracted with the median and inusculo-spiral nerve, and the 
latter with the ulnar (Stiles) Tlic upper branches supplj mg the Irtceps 
muscle appear at the level of the lattzumm dorsx tendon, and should be 
carefuUj protected (c) The smaller branches of the posterior cord 
—the circumflex and subscapuJar nerves— can be txpos«l if necc^a^ 
at this stage In actual practice exploration of the pluvus in the axilla 
IS usuallj undertaken m the presence of extensive scarring and when 
the axillarj arterv ib a mere fibrous cord The disentanglement a^ 
identification of the ncrvc-tiamks, often a formidable ta<;k. is rendered 
especiallj difficult bj the venous h'emorrhage which so often occurs 
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Where suture of one or more of the lai^e tnmks is required the arm 
must be brought close to the bod} a position which renders closure 
of the wound awkward In the majont} of operations ample relaxa 
tion IS afforded by bnnging the upper arm vertical to the plane of the 
operatmg table In this position the operator can work with httle or 
no inconvenience 

Operations on the Moscuixj spirai Nerve 
Indications — ^The lesions demanding operation may be (1) Pent 
traiing wounds which are particularly common m modern warfare 



Gunshot injuries are usuallj combined with comminuted fractures of 
the humerus which show a predilection for nonunion Operative 
attack is almost invariably required on both the nerve injury and 
fracture but the two procedures should not be earned out at the same 
sitting In order to avoid the nsk of a recrudescence of infection 
and the disturbance of the repaired nerve fixation of the fracture 
should be obtained before the ner\c-suture is attempted 

(2) Suhcutancons injimes not infrequently complicate fractures of 
the shaft of the humerus or supracondylar fractures Although 
spontaneous reco\cry is often seen the nerve trunk is occasionally 
severch damaged as it parses o\erasharp projecting fragment and in 
such circumstances operative repair becomes impcratu e 
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Special anatomical features— (1) The branches to the constituent 
heads of the tnceps muscle four in number, arise abo\ e the let el of 
most injunes of this nert e The uppermost branch (to the long head) 
IS usu^l} seen when the nerve is exposed in the loiter part of the axilh 
as It crosses the latissimus dorsi The lowest of the four (to the inner 
head) anses just as the nerve trunk enters the musculo-spiral groove 
All four branches are capable of being stripped from within the nert e- 
sheath high up mto the axilla, where thev originate from a common 
mtraneural bundle 

(2) The relation of the nerve trunk to the triceps muscle is important 



Fig 267 — Exposure of the musculo spiral neire Incuion 
through the outer head of the trfeeps 

As the nene Jesves tiie axfSi it tarns autnards in /wwf oS the Jni\p 
head of this muscle to enter the upper part of the musculo spiral 
groove in the groove it is covered bv the outer head and at first 
indicates the line of natural separation between the long and inner 
heads In the lower third of the arm its intimate association with the 
tnceps ceases and its course is now the Ime of cleavage between the 
brachiahs anticus and the supinator longus muacle, where it passes 
through the evternal intermuscular septum 

(3) The supenor profunda arterv and veins cling closclj totheshevth 
of the nerve over praclicall) the whole extent of its course and, while 
constituting useful anatomical guide, often add to the embarrassmtnt 
of the operator when the deep scamng is w ell marked 
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Position of the patient. — (I) Tor the conventional exposure m the 
lower two thirds of the arm the hmb is drawn across the chest 
(2) when the nerve is to be display ed just below thcr axilla the arm 
must be abducted at nght angles to the bod} 

Skin incision. — This runs oblique^ across the postero lateral aspect 
of the upper arm beginning just above and behind the dcUotd insertion, 
and ending in the aniecxtbtial fossa a little below the external epi- 
condjle (Fig 266) For the infra-axiUary exposure, a separate 
incision on the mesial aspect of the upper arm will be necessary The 
combined mcisions are required for gross lesions m which a formidable 
gap must be bridged 

(1) Infra»axiUary exposure of the nerve — ^The approach to the nerve 
behind the mam \essels in the lower part of the axilla has already 
been desenbed As the nerve runs over the latissimus dorsi towarck 
the musculo spiral groove, it is joined bv the supenor profunda vessels 
which render the dissection somewhat difficult un^ ligated The 
three upper motor branches and the first sensory branch also tend to 
Lomplicote the exposure The former should be delicately stnpped 
up from within the nerve sheath, and carefully retracted A further 
obstacle is the inner head of the tnceps, which is best circumvented by 
division of a few fibres of its ongin The nervc*trunk is now cleared 
from the lower third of the axilla to the upper limit of the musculo- 
spiral groove Further distal exposure will necessitate bringing the 
arm to the side and across the chest 

(2) Exposure below the musculo-spiral groove — The interval between 
the brachialis anitcus and the supinator longus is defined and opened 
up at the level of the external epicondyle, and the nerve-trunk 
discovered lying rather deeply Closely affixed to its sheath are the 
small radial recurrent vessels, which must be separated and tied off 
The nerve is easily followed upwards to the lower end of the groove 
A large sensory branch (low er external cutaneous) is seen , lower dow n 
it demarcates the line of fusion between the adjacent borders of the 
supinator longus and triceps muscles The mam trunk passes out of 
sight beneath the supinator longus, and here the small branch to tins 
mvsch jibpjiJd he jd^orjiGed 

(3) Exposure in the musculo-sptral groove — In the upper part of the 
groove the line of the nerve indicates tiie natural cleavage between 
tlic long and inner heads of the tneeps A fascial expansion forms 
a roof to the groove, which is covered still more superficially by the 
outer head of the tnceps Both these structures must be divided m 
order to gam access to the nerve-trunk as it lies on the bone with the 
supenor profundi vessels running above and to the outer side but 
clinging intimately to its sheath (Figs 267, 2G8 ) The lower motor 
branches are seen entenng the tnceps heads in the upper part of the 
wound, and the ongm of the lower external cutaneous branch should 
aUo be display ed 
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Repair of the lesion — (I) Difficulties — Occasionallj m spite of 
the fullest relaxation afforded by the exposure descnbed end to-cnd 
apposition of the nerve stumps is not obtainable In such circuin 
stances it is ad^ isable to transpose the nerve-trunk to the front of the 
arm and thus gam at least an additional inch The operation of 
anterior transposition comprises tlie following steps {a) Exposure 
of the nerve m the upper third of the arm {infra axillary approach) 
{b) Exposure of the nerve in the low er half of the upper arm (c) Divi 
Sion of the nerve through the proximal bulb m the upper w ound and 



Fig 268 — Ejiposure of musculo spiral nerve in middle third of arm 
after division of outer head of triceps 

through the distal bulb m the lovscr wound This leaves the injured 
segment ttt situ in the mass of scar occupying the musculo-spiral 
groove (Danforth and Stiles) ( 1 /) Oblique tunnelling of the bracliiahs 
anticus muscle from the upper to the lower wound fairly close to the 
bone (e) Displacement of the proximal and distal nerve stumps to 
ocaipy the tunnel (/) Tnmming of the nerve-ends follow cd by suture 
(2) Nerve-bed — The repaired nerve should be shut off from contact 
w ith the humerus by a muscle flap from the triceps Wlierc there has 
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been an extensive destruction of the muscle a fascia lata sheet should 
be interposed 

Closure of the wound.— The divided outer head of the triceps 
should be sutured, and the deep fascia restored as accurately as possible 
Postoperative position of limb. — The elbow is slung in flexion with 
the upper arm close to the body The hand is bandaged on to a 
" cock up ” splint in the physiological position of rest Free movement 
of the limb may be allowed at the end of two weeks 

Operations o\ the Posterior Interosseous Nerve 
Injuries of this nerve arc uncommon The chances of successful 
operative repair are small for, from its origin from the musculo-spiral, 
the nerve has a very short course and immediately breaks up into a 
leash of fine branches 

Exposure. — The lower end of the musculo-spiral nerve is first 
identified as it disappears beneath the supinator longus muscle The 
latter must be fully retracted after being freed along both its antenor 
and posterior borders The interval between the radial extensors 
and extensor communis digitorum is next opened up and the neck 
of the radiils demonstrated, clothed by the supinator brevis Tlie 
nerve enters the substance of this muscle at its upper limit, runs down 
between two definite layers and emerges below Ma a small tendinous 
arch At this level the proximal branches are given off By dividing 
the superficial fibres of the supinator brevis the parent nerve trunk is 
completely displayed 

Operations on the Median Nerve 
Indications. (1) Subcutaneous injuries — In supracondylar fractures 
the nerve is occasionally bruised or tom by the lower end of the 
fonvardly displaced dnphysis Such lesions may co-exist with an 
ischjemic contracture (Volkraann) 

(2) Lesions due to penetrating irownrfs- are familiar both m civil and 
military surgical practice In the forearm the nerve is commonly 
damaged by particles of glass, and adjoining tendons are apt to be 
divided In gunshot wounds of the upper arm the brachial artery 
may also be injured , if an aneurysm develops, the nerve trunk almost 
invariably becomes adherent to the sac wall 

Special anatomical features — In the upper third of the forearm a clear 
idea of the origin and distnbution of the motor branches ansing in the 
ante-cubital fossa IS necessaiy A fairly constant scheme is as follows * 
{!) Uppermost branch to the pronator radii teres — ^This is the first 
branch of distnbution and, as a general rule, lea\es the parent trunk 
just below the level of the internal condyle, but not infrequently mav 
appear some little distance above this point Followed upwards 
within the sheath of the nerve, the branch is found to be continuous 
with bundles sitintcd in the lateral half of the cross-section of the 
trunk Below, just before its entrv into the muscle, the branch 

■ Liortt /<Hva -lut Jmi Arnl. im Iv Tv 



4G0 


OPERATIONS 0*4 NERVES 


d^^^de5 into tw-o twgs which suppU the condvlar and coronoid heads 
of ongin The latter ma) occasionall\ recede its motor ncr\c as a 
separate branch 

(2) Middle branch — A stout bundle anses from the antero-mesial 
aspect of the nerve trunk about 2 cm down the forearm From this 
leash mdivadual branches are given ofi to supplx the flevor muscles 
ansing from the internal condj le The individual heads of origin arc 
innervated bj separate twigs fonned bj further subdivision 

(8) Anterior interosseous iiene — The ongin of this stout branch is 
seen after division of the pronator radii teres 

(4) Branch to the flexor subltmts digilorum — In nearly 50 per cent 
of individuals the median gives off a fine branch m the lower part of 
the forearm to innervate that part of the flexor subhmis digitorum 
muscle which belongs to the indev finger I have frcqucntlv seen this 
branch dunng operations on the median trunk 

Exploration of the Median Amc t« the Upper -Irm 
Position of the patient — The arm is supported on a rest at nght 
angles to the long axis of the table 

Skin incision — This hes along the course of the brachial artcrv 
beginning just above the antecubital fossa^and ending at the level of 
the anterior fold of the a\tUa 

Exposure of the ncne-trunL. — ^Thc deep fascia is divided just 
postenor to the basilic vein which shows as a prominent landmark 
In the upper third of the arm the coraco brachialis muscle is demon 
strated and its mesial border retracted The median nerve is at once 
found overlapping the brachial artery From this level it is. eas\ to 
trace the nerve trunk downwards until the lesion i& reached In the 
lower third of the arm the median basilic vein must be divided and 
tied and a few fibres of the bicipital fascia incised Here the nerve 
hes w ell aw ay from the mam aiterv The upper branch to the pronator 
radii teres mus.cle is usually visible some little distance above the lev cl 
of the internal epicondvle The nerve trunk is now followed upwards 
to the level of the lesion 

Repair of the lesion — In the presence of considerable «camng 
disentanglement of the nerve is a tedious procedure When the 
brachial arterv is occluded the fibrous cord is always found closclv 
adherent to the nerve-trunk Wlierc resection and end to-end suture 
are necessary a change in position must be made In theory the upper 
arm should be brought close to the trunk with the elbow and wn-.t 
flexed But this would place the wound in an impos-iblc situation 
for the operator Comfortable access to Uie wound and adequate 
relaxation are obtained when tlie upper arm is brought into flexiomt 
the shoulder i e at right angles to the pline of the operating tabu 
A radical removal of scar tissue is ncccvsarv as a preliminarv to 
replacing the repaired or freed nerve in an intramuscular l>cd fasluoncd 
from the biceps 



MEDIAN NERVE IN FOREARM ^Cl 

Closure of the wound. — Reconstruction of the deep fascia should 
be attempted ^ 

Postoperative position of the limb — A malleable metal splint is 
applied with the imst in flexion, and the arm is supported a sling, 
the elbow being {ull> flexed A week later, gentle stretching of the 
flexed ]omts is begun 

Exploration at the Elbow and tn the Forearm 

Position of the patient. — As above 

Skin incision. — ^The incision begins to the inner side of the biceps 
tendon, runs across the antecubital fossa, and follows the midline of 
the forearm as far as required 

Exposure of the nerve at the elbow. — ^The bicipital fascia u 
divided and the median basilic vein tied The nerve-trunk should be 
found at the level of the internal epicond^Je, and the uppcrmo->t motor 
branch identified The antecubital fossa is opened up b> retracting 
the lateral edge of the pronator radu teres and the nerve tnink 
followed until it disappears beneath the superficial head of this muscle 
The ulnar artery comes into the field close to the nerve, which is 
. related even more intimatelv to the vena comites of this vessel At 
this stage the second motor branch a stout twig which arises from the 
antero mesial aspect of the parent trunk, is demonstrable The anterior 
interosseous branch is hidden lower dovvn b> the pronator radii teres 
It IS often advisable to divide the superficial pronator fibres freely in 
order to gam adequate room this can be done without imperilling it-? 
nerve supply Where the scarring is extensive the whole pronator 
should be sacrificed w itliout hesitation Where the lesion accompanies 
a supracondjlar fracture the nerve-trunk, unless complcteh divided 
often becomes adherent to the irregular margin of the lower end of 
the shaft 

Exposure of the nene in the forearm. — The nerve is situated 
deepl) in the upper half of the forearm, and at this level troublesome 
hiemorrhage may be encountered 

(1) Upper third — It is always advisable to isolate the nerve trunk 
m the antecubital fossa before attempting to define it m the angle 
between the lower border of the pronator radu teres and the flexor 
carpi radiahs The radial border of the litter is the correct guide, and 
here the nerve lies at a considerable depth, covered by the radial head 
of the flexor subhmis digitomm This structure must be cautiously 
divided and the nerve gently freed from its bed The fragile vtna, 
comites of the radial arier\ arc hen, in close relation, and arc apt 
to tear 

(2) Lower two-thirds — The relation of the nerve to the flexor carpi 
radiahs has already been indicated Lower down, the nerve trunk 
passes behind this obliquely running structure, and appears to become 
almost completelv enveloped m a muscular tunnel provided b\ the 
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flexor subhmis digitomm (Fig 269) The special motor branch 
which supphes the index portion of the flexor subhmis be seen at 
this stage Nearer the wnst the nerve approaches the surface, and is 
easil} displav ed after incision of the deep fascia along the ulnar border 
of the flexor carpi radialis tendon The palmans longiis tendon when 
present lies almost exactly over the nerve tmnk At the wrist the 
nerve passes deepiv under the anterior annular ligament In an 
extensive lesion it is often necessary to divnde the roof of the carpal 
tunnel and follow the nerve into the palm 



Fig 36^ — Expomre of tnodian serve in the lower two thinls of forearm. 
lQv<tratei the ihebeOr o( tfae flexor rubtuuisdle’twms Tbe Wioo dtolotR) itofiVtonpleU 

awtomleal typo 


Repair of the lesion — The position of rcIa.xation which facihtates 
end to-end suture is most awkward for the operator but with the limb 
fuUj rotated out at the shoulder the wound is not entirely hidden 
Additional relaxation mav be obtained b\ stnppmg up the proximal 
motor branches and also bv displacing the nerve in front of the pro 
nator radii teres In the upper third of the forearm a suitable intra 
muscular bed is readilv fashioned In the lower third the absence of 
muscular tissue and the proxirailj of the nerve to tendons render the 
surroundings more unsuitable A convenient method of shutting off 
the nerve is to turn down a pedicled flap from the bell^ of the flexor 
subluTUs digitorum 

Closure of the wound — Accurate restoration of the deep fascia u 
often impracticable In the upper third the muscle belhes fall 
naturallv together and cover the repaired nerve If there is an 
extensive loss of deep fascia m the lower third a mu^lar flap or free 
fascial graft must be u&ed to protect the nerve from the skin flap 
Postoperatn e position of the limb — This has ahead} been descnbed 

Opervtioxs on the Llnvr Nerve 

Indications for operation — (1) PcHrfra/iwg injuries provide a con 
siderable number of legions demanding exploration Gunshot injuncs 
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maj occur at an) level but in civil injuncs the nerve is usuallv di\ iclcd 
m the lower third of the forearm m company with adjoining tendons 

(2) Subcutaneous injuries are common in the region of the elbow 
where the nerve is unusually vulnerable Lesions m the post-condj lar 
groove are conveniently included under the heading traumatic neunits, 
of which there are three mam clinicil tjpes (a) Lesions associated 
with recent fractures of the lower end of the humerus and dislocations 
of the elbow (6) late ulnar pah) and (c) recurring dislocation of 
the nerve 

Special anatomical features — The proximal branches of distribution 
which arise in the region of the elbow joint are of great surgical 
importance, and ma\ be described m the order of their origin 

(1) The avhcular branch to the elbow joint — ^This usuall) arises above 
the level of the intern'd epicondjle and after a ver) short course enters 
the capsule of the joint on its postcro mesial aspect 

(2) Branches to the flexor carpi ulnaris — ^These present considerable 
variations, but commonly there are two mam twigs which leave the 
mam trunk just before it p-isses between the two heads of the muscle 
The upper branch suppUes the olecranon head and has a very short 
course , the lower branch enters the condjlar head at a lower level 
An additional supply to the condylar head is present m about 20 per 
cent (Linell) This twig has a particularly long extra muscular course 

(8) Branch to the flexor profundus digilorum — This branch leaves 
the ulnar trunk after it has passed under cover of the flexor carpi 
ulnaris It is much stouter than the branches arising above it, and it 
has an extramuscular course of at least 1 inch 

Exploration tn the Upper -irm 

Position of patient. — The arm is abducted and supported as m an 
exploration of the median nerve 

Skin incision — ^The nerve lies immediately postenor to the line 
of the median nerve and brachial artery The incision extends from 
the elbow to just below the anterior axiUarv fold 

Exposure of the ncnc-tnink. — The basilic vein is the first guide, 
the fascial envelope being opened just behind it In the upper part 
of the wound the median nerve usually appears, and is a useful land 
mark The ulnar nerve is now found Iving on the tneeps and when 
traced downwards is seen to pass backwards awa\ from the main 
artery and median nerve to reach the posterior compartment of the 
arm In the region of the internal epicondylc the nerve is exposed 
after dividing the deep fascia just behind the internal intermuscular 
septum The fine accompanying vessel (in/cnor profunda) should be 
carefully separated from the nerve-sheath and preserved 

Repair of the lesion.— The local conditions relating to scar and the 
nerve-bed in the uppcrarmlnvcalrcadv bcencmphasired Tlic position 
of full relaxation differs from the one which is appropriate for the 
median nerve, m that the elbow must be maintained in extension In 
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grave lesions the amount of rcla'cation afforded by this position is often 
insufficient and it is necessarv to transpose the nerve to the front of 
the elbow in order to take advantage of flexion of the joint (Fig 270 } 



Fig 870 — Exposure of ulnar nerre m upper arm and upper two th rds of forearm 
lUustn ei fa lure loreeun end (o-«edsrproiiiiuuoamtb thrclbowfgar fiUoded thewrul/l ied.»D>1 he 
arm arlducied lo the $ de In tuch dreumauson asterfot ttanrpo^ t on of the nerve a Indio led 

' Exploration tn the Region of the Elbow 

This operation includes exposure in the lower third of the upper 
arm, in the post condylar groove and in the upper third of the 
forearm 

Position of the patient — There are two alternatives (o) The arm 
abducted and supported at nght angles to the bod> {b) the 
reversed position in which the limb is earned across the chest 
the upper arm being held vertical to the operating table \\ith the eIbo« 
and ^\Tlst fully flexed This is simplj the position of full relaxation 
of the ner\c adopted at the beginning of the operation The position 
presents considerable advantages and has been emploj ed bj me as a 
routine for many 5 ears (Fig 271 ) 

Skin incision — ^The incision begins in the louer third of the upper 
arm and passes behind the internal condyle into the forearm where 
the line of the ner\e extends from a point midway between the 
epicondyle and olecranon to the radial side of the pisiform bone 
Exposure of the nen e-trunk — The nerve is freed above the 
epicondyle and the fascia covenng the post-condylar groove divided 
cautiously The nerve sheath is connected to the floor of the groove 
by filamentous strands Wien continued into the forearm the deep 
incision separates the fusion of the condylar and olecranon heads of 
the flexor carpi nlnarts After the muscular fibres are retracted the 
nerve IS seen lying on the flexor profundus digitorum covered by a thin 
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semi transparent fascia In thiJ> dissection the proximal branches 
must be identified in order and carefuUj preseT\cd 
Repair of the lesion — In all lesions of the nerve in the post cond)lar 
groove the repaired, nerve should never be replaced tn its original bed but 
should be transposed to the front of the elbou 

Lxpioralton tn the Forearm 

The position of the hmb and skm incision have been indicated In 
in exposure limited to the lower third of the forearm the natural 
approach to the nerve is in the interval between the flexor carpi ulnans 
and flexor sublimis digitorum But m the upper third the two heads 



Note the rrvmed posi on of tbe limb and Uie skin Inc jion 

of the flexor carpi ulnans are separated If this plane is followed 
in the middle and lower thirds of the forearm the fibres of the condj lar 
head must be detached from the tendon of insertion 

In the middle third of the forearm the ulnar arter> joins the nene 
and both structures he in a common sheath The ven® comites 
adhere closel> to the epmeunum and are easilj tom during separation 
The dorsal cutaneous branch of the ner\e appears m the lower third 
Traced dowoiwarda to the wnst the mam trunk is found to pass close 
to the pisiform and to disappear into the palm under cover of the 
palman» brevis 

Anterior Transposition of the Ulnar ^\cnc 
This operation is well established and is emplov ed under the follow 
mg conditions (1) In extensive lesions (particularly gunshot injunes) 
at any level as an aid to end to end suture (2) for all lesions in the 
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substance of the coraco-brachialis muscle where its first motor branch 
is given off. Both this nerve and the circittnflex may be repaired if 
necessary ;n conjunction with lesions of adjoining trunks. 

Operations on the Great Sciatic Nerve 

Indications. (1) Penetrating injtmes . — ^Sciatic lesions are common 
in modem warfare and are often accompanied by sjTnptoms of severe 
irritation with conspicuous trophic phenomena. (2) Sciatica (sciatic 
neuritis). — Direct stretching of the nerve-trunk is an obsoleteprocedure 
which need not be described. 

Special anatomical features. — (1) The external and internal popliteal 
elements are separate nerve-trunl^ from the origin of the sciatic nerve 
within the pehns, but are usually included in a common sheath. 
(2) As the sciatic emerges from the sacro-sciatic notch it consists of 
three definite parts, viz. the external popliteal bundle, the internal 
popliteal bundle, and a leash of branches to the hamstrings. The 



Fig. 273. Position ol patient for operations on sciatic nerve. 

Vote tbe extended {XBltionot tbe bip obCxbird by the adjustmerit o{ tandbaits. 


latter can be freed and stnppcd from the common trunk for some 
distance inside the pelvis. (8) A special branch of supply to the biceps 
cruris (short head) arises from the lateral aspect of the main trunk 
about the middle of the thigh. 

Position of patient. — The patient lies fully prone. In dealing with 
extensive gunshot lesions the position of full relaxation should always 
be instituted at the beginning of tlic operation. For this it is necessary 
to place the hip in hyperextension by careful adjustment of sandbags. 
(Fig. 273.) Further rcla.xation will be obtained during the operation 
by flexing the knee. 

Skin incision. — In the buttock tliis should begin over the sacro 
-sciatic notch, and should swc*cp downwards and outwards to a point 
mesial to the trochanter. From this level the incision is carried 
vertically downwards as far as necessarj* in the midline of the thigh. 
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Exposure of the nene-tnrolt,, (1) In the buttock.— -The gluteus 
maximus fibres are split ahoxc and diMcled below towards the lower 
margin of the muscle Brisk bleeding occurs from «maH twigi. of the 
gluteal and sciatic, % essefa No ill results follow the splitting of this 
extensive muscle but the alternative plan of detaching it partialK 
from Its insertion mav be followed if preferred 

Retraction of Uie thick fibres brings 
into new the nerve-trunk l^ing in its 
capacious sheath on the quadratus fenio- 
ns Just below the notch the three 
distinct components — the external pop 
liteal segment the internal popliteal seg 
ment and the leash of branches to the 
liamstnngs — should be identified Tlie 
latter can be stnpped up to well within 
the pelvis if It is neccssarv to mobilize 
the mam trunk to the utmost extent 
The inferior gluteal nerve vOncli appears 
below the level of the p^nformis should 
be recognized and its branches to the 
gluteus waximus conserved Sometinm 
the two great divisions of the sciatic issut 
separate!) from the pelvis and are nttir 
conjoined 

(2) In the thigh— Below the buttock 
the deep fascia is incised over the inter 
val between the biceps and semitcndi 
nosus Lower down the semimembranosus 
forms the mesial boundarv The <maU 
•viatic nerve is often a useful guide to 
this intermuscular interval The biceps 
crosses the line of tlic nerve and it is 
often neccssarv to free the niu'clc exten 
sivclv before retraction is possible Tht 
‘n.nk Ucs on the adductor nragnus 
jAwPiCie wisAw ^ ju fst “iJta tbe fwo main diva 

to btee{« cnim muscle s,ons aj-c easilv distinguished wathiii the 

common sheath {Fig 274) 

Repair of the lesion — In extensive gunshot injuncs the remiins 
of the nerve-trunk are usuallv incorporated in a dense scar which 
includes the hamstring muscles A considerable length of nerve trunk 
maj need resection and the lesion maj approadi the irrcparahk 
standard \\ljcn end to-end suture is possible onl) under conditions 
of extreme tension it is justifiable to use an absorbable stav suture 
In more localized lesions one component of the sciatic trunk mav 
be absolutelv intact In such circumstances ‘ segmental suture o 
either the peroneal or tibial divasion maj be indicated The uninjmxt 
component then becomes looped TIic abundant mu'cuhr ti'-vue o 
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the thigh and buttock makes the reconstruction of an adequate bed 
an easy matter 

Closure of the wound — The gluteus mavimus should be restored 
accurately and the retracted hamstnng muscles brought together bv 
suture of the deep fascia With the limb in the position of relaxation, 
closure of the lower part of the skin incision is apt to be a\\k'^\a^d 
Postoperative position of the hmb.— The combination of h^per 
extension of the hip and full flexion of the knee is best maintained in a 
plaster-of Pans shell extending from the upper thorax to the middle 
of the lower leg (Fig 275 ) Thi;> shell should be made some dajs 
beforehand with the hmb in the required position In it the patient 



Fig 275 — ^Position ol limb aller julore ol sciatic nerre 
Showi Ihr pluter cisl u hlch roatutaois bn^irilrtK on o( (h* hip ami It^xlon of the Lni^ 


is nursed on his face for the first 18 hours, and then turned on to the 
side As an alternative, the lower limb ma\ be thrust through a gap 
in a sectional mattress, with the patient on his back Fixation 
methods improvised at tlie time of the operation mean added shock 
due to dela> and extreme discomfort m postoperative nursing At 
the end of a fortnight the hip mav be allowed to resume the ordinary 
position of slight flexion A week later gradual straightening of the 
flexed knee is begun 

Opervtions on the External Poplitcvl (Pcronexl) Nerve 

Indications for exploration.— (1) Penetrating lesions (2) Severe 
traction lesions necessitating operative repair occasionally accompany 
such uncommon injuries as dislocation of the knee-joint or fracture of 
the upper end of the fibula 

Position of the patient. — The patient lies on his sound side, thrcc- 
(juarters prone, v\ ith the hip and knee flexed 
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Skin incision —This follow s the line of the biceps tendon m the thigh 
and ends behind the neck of the fibula The incision rmj be prolonged 
o\er the upper part of the antenor compartment of tlie if the 
terminal branches of the nerve are to be freed 
Exposure of the nerve-trunk —After division of the deep fisaa 
the biceps is retracted and the nerve trunk at once comes into \ icw 
Traced downwards it is seen to disappear underneath the upper part 
of the peroneus longus muscle and to divide into the anterior tibnl 
and musculo-cutaneous nerves Just above the fibular neck the large 
lateral cutaneous branch should be demonstrable 
Repair of the lesion — WTicn the lesion is close to the neck of the 
fibula repair may involve separate suture of the antenor tibial and 
musculo cutaneous nerv es to the parent trunk To obtain sufiicient 
relaxation it may be necessary to expose the sciatic trunk for some 
distance in the thigh and strip up the external popliteal component 
A suitable nerve bed is not always forthcoming but a flap from the 
peroneus fongus or outer head of the gastrocnemius is the most useful 
shield End to end suture is earned out with the knee flexed 
Position of the limb after operation —Tins is identical with the one 
described for the sciatic non. e except that extension of the hip is rarclj 
necessarj 

Operxtioss on the Intern \l Popute.xl (Tibial) \erse 
Indications for exploration —Operations on this nerve arc un 
common and are almost entirely limited to penetrating injuries 
Occasional!) the nerve lesion may be associated with an aneurjsm of 
the popliteal artery 

Position of the patient — This is the same as for the scntic nerve 
Skin incision — A midline incision over the whole extent of the 
popliteal space is used 

Exposure of the nene-trunk — In the upjxjr part of the jwpliteal 
space the nerve is found immediately after incision of the deep fas:ia 
Lower down it lies over the thick walled popliteal vein and passes out 
of sight w here the tw o heads of the gastrocnemius conv erge Tlie stout 
motor brandies suppl> mg this musde show up conspicuouslv Wiert 
the penneural scar is abundant or an aneurjsm is present disentangli- 
ment of the nerve from the vessels is difficult 

Operations on the Posterior Tibial Nerve 
Indications — Tins nerve is rarcl) explored Exposure m the upjxf 
part of Its course is the natural prolongation of tlie internal popliteu 
exploration In the lower part of the leg the nerve comes nearer the 
surface 

Exploration tn the Upper TiCo t/nrds of the Leg 
Skin incision — This begins m the middle of the popliteal space and 
IS continued dow nw irds m the midlinc of the leg 

Exposure of the nene-trunk — Tlie nene is covertd bj (u) die 
muscle bellies of the gistrocntmii (6) the solcus and (c) the fascial 
roof of the deeper compartment of the Ic^ Tlicse various lajers mu«i 
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be split vertically and retracted fully The ncr\T is in close relation to 
the posterior tibial artery, at first on its mesial side then crossing it to 
reach to its outer side In the upper part of the uound the motor 
branches to the deeper muscles shotdd be isolated and guarded 
Exploration tn the Lower Third of the Leg 

The skin incision runs just behind the mesial border of the tibia The 
edge of the soleus is defined and retracted after division of the deep fascia 
The nerve and artery lie underneath a fascial roof in the interval betw een 
the flexor longus digitorum and the flexor longus hallucis In the low er 
part of the field the tendon of the tvbiaUs posticus comes into view 

Anterior Crural, Anterior Tibial, Musculo cutaneous, and 
Plantar Nerves 

For obvious reasons, lesions of the anterior crural nerve-trunk in the 
thigh at the level of its division into its multiple branches belong to the 
irreparable class Exploratory operations on the antenor tibial, 
musculo cutaneous and plantar nerves have little special interest or 
practical importance 

Operations tor Cranial Nerve Injuries 

In injuries of the cranial nerves, with the exception of the 7th and 
11th, the problem of direct operative repair does not arise The %pma.l 
acee%%ory (IIM) is easily exposed, but as in the majority of lesions there 
IS considerable loss of nerve sulwtance, the resulting gap can rarely be 
dosed Reference has already been made to the treatment of lesions 
of the facial (7/A) nerve by vanous types of nerve anastomosis, opera- 
tions which, though possibly only of academic interest, may now be 
described 

FaciO'hypoglossal Anasiouiosts 

Skin incision.— A fairly generous incision extending from the tip of 
the mastoid to below the great cornu of the hyoid bone is required 

Exposure of the facial nerve. — The deep fascia is divided, and the 
stemo mastoid and posterior belly of the digastnc are defined The 
styloid process is the most important landmark, and is exposed by 
dissecting deeply underneath the low er pole of the parotid gland Tlie 
facial nerve is now sought as it emerges from the stylo-mastoid foramen 
If intact, it IS divided by a tenotome as high up as possible, but if already 
severed within the facial canal, the penpheral stump is pulled out of 
the foramen 

Exposure of the hypoglossal nerve. — Tlie two main guides are the 
transverse process of the atlas and the occipital artery, around which 
the nerve hooks The nerve is freed and approximated to the facial 

Anastomosis. — Tlie hypoglossal nerve may be divided completely, 
or through tw o-thirds of its cross-section The former is preferable in 
spite of the resulting sacrifice of one half of the lingual musculature 
The proximal end is then sutured to the distal stump of the facial, the 
finest material being employed 

Closure of Uie wound. — As the operation is almost mvanably con- 
ducted m an area free from scar, a suitable bed is readily provided. 
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Facto glosso pharyngeal Amslotnosts 
The skm incision described abo\c is used, and the facial ner\e 
exposed and its distal end prepared in the usual uaj The glosso 
pharjaigeal ner\ e is found beneath the upper and posterior part of the 
hyoglossus muscle and is divided completely just proximal to its lin 
gual branches End to end suture betw een the tw o nerv es is earned out 
Exposure of the glosso-pharyaigeal nene,— The glosso-pharyaigeal 
ner\ e is dmded close to the piostenor border of the hy oglossus muscle, 
teyond the origin of the branch to the pharyngeal plexus Difficulty 
may be expenenced in isolating the nerve,, and much time can ^ 
sav ed by definmg the external and internal carotid v c^sel^ and exposing 
the nerve between them whence it can be followed distally to make 
the divnsion 

The postenor belly of the digastric has been exposed already in the 
isolation of the facial trunk and the vessels should first be defined belo \ 
this muscle and the latter then retracted upwards Tlie styloid process 
w ith Its attached muscles can now be demonstrated The trunk of the 
9th nerve is found just under cover of the lower border of the stylo 
pharymgeus and follow ed carefully forw ards betw een the carotids to the 
postenor border of the hyoglossus 
In a thick necked patient the dissection may be very difficult and 
tedious if the anatomical landmarks are not carefully defined at the 
outset 

A similar exposure can be used to evulsc the nerve m glosso- 
pharyngeal neuralgia but the dissection must be earned up nearer the 
base of the skull and the nerve pulled out from the jugular foramen • 
Nene grajlutg i« Facial Palsy 

Nerve grafting has become the method of choice in destructive 
lesions of the facial nene m the Tillopian aqueduct The tecliniquc 
generally used is based on the pioneer experimental and chntcal w ork 
of Ballance and Duel The steps of the operation arc as follows — 
(1) Exposure of the nene.— The nerve is identified at the stylo 
mastoid foramen and followed upwards To expose the trunk proximal 
to the injury a radical mastoid opcrition is necessary Tlie nene ends 
are freed and all mtenening scar and granulation tissue is removed 
i2) Insertion of the graft — A graft of sufficient length equal in 
calibre to the facial nene is taken from the middle cutaneous nerve 
of the thigh and is implanted in the gap A smgle sheath suture at 
each end is sufficient but if the graft lies snugly the sutures may be 
dispensed with 

VI POSTOPERATIVE TREATMENT 
Early stages — Until the wound is healed tlie limb is usually retained 
in the position adopted at the end of the ojieration This, however, 
shouldnotbeapcnodoftotalinactivity In ihc upper limb movements 
of the fingers are encouraged after a few days, and if neccssan ig i 
massage ma\ be applied to available surfaces. After removal ol t 

• Sec Lantii Aacu*V — Wt B. 
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sutures a greater surface area is exposed for physical treatment 
Stretching of the flexed jomt is begun, on the average, at the end of 
two weeks In the lower hmb, aftersutureof the sciatic nerve, stretching 
IS often impossible at a ver^ early date, and must alwav s be carried out 
with great caution 

Later stages. — ^The patient should be given the benefit of a full 
physiotherapeutic regime It must be realized, however, that such 
treatment has no direct influence on the regeneration of nerve fibres, 
but simply helps to improve and conserve the nutntion of the tissues 
controlled by the injured nerve Phjsical treatment maj be classified 
under two headings — 

(1) Postural treatment — ^The paralysed muscles must be retained in 
the position of moderate relaxation b> some form of light and comfort- 
able splinting The correct posture also prevents the development of 
contractures The appropnate positions for the vanous nerves are 
given in the follovvnng table — 


NcRvr 

Physiological Position or 
JIuscLF Relaxation 

Mode of Retention 

OR Splinting 

Brachial piexxts 

Abduction at shoulder flexion 
at elbow 

Hand m position of phvsiological 
rest 

Shoulder abduction 

splint oraMllarymufl 

Musculo spiral 

Hand in position of physiological 

I ong cock up yihnt 
for nightwear Short 
cock up splint 

durmg the day 

nene 

rest VIZ wrist dorsiflexed 
fingers very' slightly flexed at 
metacarpal and mtcrphalan 
goal joints thumb abducted 
and extended cricket 

ball or Iwttle grasping 
position 

Hand m position of physiological 
rest 

Median nene 

No splinting necessary 

Ulnar nene 

Hand m position of physiological 
rest 

No splinting necessary 
except for correction 
of an already de- 
veloped claw con.- 
tracture It is usually 
sufTicient to apply a 
corrective splint at 
night only 

Sci<t/ic nene 

Foot dorsiflexed at nght angles [ 
to leg 1 

For night wear a simple 
rectangular metal 

splint \\alking ap 
pliance single or 

double short steels 
w ith some form of 
uplifting spnng or 
foot drop slop 
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(2) Nutritional treatment — The foUQ\nng measures should be 
prescribed as a routine — 

(fl) Heat — ^The paralj-sed limb should be kept warm Woollen 
gloves, sleeves or extra socks are essential m cold weather The hmb 
should be adequately warmed before the application of massage or 
electrical treatment The methods of obtaining hyperemia in common 
use are (i) dry heat— radiant heat baths , paraffin wax baths , 
diathermv (ii) moe>t heat— simple hot w’ater baths or w hirlpool baths* 
In irritative lesions, however, heat is contraindicated pam and 
hyperesthesia being relieved only b\ mtense cold eg evaporating 
lotions and the like 

(6) Massage — In the earlier stages this should be superfiaal and 
earned out w'lth gentleness As recovery sets in the depth and vigour 
should be increased 

(c) Electrical shmidahon — The denervated muscles should be made 
to contract at each sitting, care being taken to avoid fatigue At first 
the galvanic current only will be used , in the recov ery stage faradic 
excitation is substituted as soon as an adequate response is noted The 
stimulation must be accurateU applied to the affected muscles, and 
leakage of current through to the antagomsts avoided 

(i) Muselere education — Truere-educationis practised when definite 
voluntary power has appeared andforsome time is best combinedwith 
regular faradic stimulation The recovering muscles are re educated 
from what is knovm as the zero position where the effect of gravitv 
IS eliminated and the load is ml As voluntary power increases the 
load and range of movement are increased pan fassu Ke-edu<.ation 
mav also be used m training a patient to develop *' tnck or ' sub- 
stitute movements before the onset of true recovery Where im- 
perfect regeneration of the injured nerve is anticipated such tnck 
movements have considerable economic value 

(e) Exercises and curatne work — In the final stages of recoverv the 
development of co-ordinated and purposive movements is the most 
important therapeutic problem This end is best attained by carefully 
prescribed exercises Wliere patients are treated m larger numbeis 
handicraft training in curative workshops is a most valuable adjunct 

VII RESULTS OF OPERATIONS FOR THE REPAIR 
OF NERVE INJURIES 

In judging the true end results of operations for the repair of 
peripheral nerve mjunes it t. necessary to make a clear distinction 
betw een two standards of assessment, the phy siological (or neurological) 
and the functional (or economic) The former represents the ^ 

of conductivity which has been restored to the nerve as measured by 
the usual chmeal and electrical tests The latter denotes the capacity 
which the hmb has regained apparentlv as the result of the operation 
The two standards do not necessanlv run parallek A good functions 
result may accompanv a poor neurological result , on the other hand 
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with a satisfactory or almost perfect neurological result there may be 
little impro\ement in function The reasons for such discrepancies 
are not far to seek A complete lesion of a pcnpheral nerve lna^ cause 
little practical disablement in certain individuals Thus the elimina- 
tion of the function of the ulnar intrinsic muscles of the hand is of 
importance only to those whose occupation demands the finer hand 
movements This may be contrasted with the more senous disablement 
which IS always seen m a complete lesion of the median ner\ e, here the 
anasthesia of the index finger alone impairs the capacity of the hand 
for most types of work Again the successful repair of the nerve, even 
if restoration of conduction and function go hand in hand, may be of 
no practical value to the patient if other structures are senously 
damaged Finally , delay m recovery may be due to psy chical causes 
It IS now recognized that nerve recovery requires a much longer time 
than used to be thought, and in almost every case the penod will be 
one of years rather than months The age of the individual is also an 
important factor recovery being much quicker and more complete 
in young individuals, in whom normal growth is still active 
Results or End-to end Suture 

Primary suture. — Perfect recoveiy of both motor and sensory 
functions may follow the immediate repair of a clean-cut divnsion of a 
nerve where aseptic wound healing his occurred Such results, 
however, are exceptional 

Secondary suture. — The results on the whole tend to be disappoint- 
ing Of the factors which influence the standards of recoven the 
following are the most important — 

(a) Topographical confinxon — A certain amount of "shunting” of 
regenerating nerve-fibres along alien channels in the distal trunk occurs 
after most nerve sutures Tims, motor fibres grow down sensory 
sheaths, sensory down motor sheaths pain fibres reach 'heat" 
endings, and so on In lesions m which extensiv e resection is necessary , 
a considerable disturbance of the intraneural pattern results Such 
regenerative chaos is the outstanding cause of the imperfections of the 
neurological and functional results of nerve suture (6) Wound in- 
fection — ^The role of infection is well demonstrated in the changes 
which occur in the nerve-trunk itself Above the suture, an interstitial 
neuntis may extend for many inches At the site of suture, cicatncial 
shnnkage may result in the obliteration of nerve-fibres which hive 
re-established communication with their end organs Below the suture, 
the axis cylinders often remain imperfectly myelinated The sum of 
such changes means scanty re-mnervation of motor and sensory 
structures (c) The tune factor — le the delay between the injury and 
the repair After a certain optimum penod, arbitranly estimated at 
three y ears, recovery tends to be less certain and less complete The 
harmful effects of long delay depend chiefly on degentrativc changes 
in the muscles and other pcnpheral tissues, and to a lesscr extent on 
retrogressive changes in the central nerve-cells {d) A nalotntcal situation 
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of ihc suture — Sutures in the proximal part of the hmb <;ho\s a higher 
percentage of recovery than sutures m the distal part 

Comparison between the different nenes Musculo spiral nerve 

All statistics show that this nerse heads the list of recoienes uhetlier 
“judged from a qualitative or quantitative standpoint Almost perfect 
restoration of function has been observed m a considerable number of 
cases At the same time in the majontj of these highly successful 
results tlie synergic action of the extensors of the vvTist is lacking a 
deficiency which tends to disappear onlv after years of occupational 
u'le of the hand 

Ulnar nerve — In thia nerve the results are phy siologicalJv imperfect 
but not necessarily economicalK bad Complete restoration of function 
m the ulnar intnnsic muscles of the hand appears to be unknowTi whiLt 
full sensory recovery is al^o extremely rare The average sensory 
result involves the restoration of protopathic sensibility alone 
Many individuals with complete lesions of themlnar nerve have been 
hnown to be capable of engaging in labonous occupations such as dock 
labouring coal immng and so forth But the musician the artist 
and the fine manual worker are senoush handicapped by the m 
complete recovery of the muscles of the hvpothenar eminence the 
interossei and the adductors of the thumb 

Median nerve — The results m this nerve are uniformly disappointing 
chiefly owing to the inadequate recovery of sensibility This nerve 
illustrates verv beautifully how co-ordination in finer movements is 
dependent on the complete restoration of the paths for all tvpcs of 
afferent stimuli At the very best there is little iriore than full proto- 
pathic function whiLt m a considerable proportion of operations no 
sensory recovery isseen Another type of relative failure is occasionally 
seen after suture of the median nerve wz the recurrence and per 
sistence of mveterate pain and hyperesthesia 

Sciatic nerve — Here the neurological and economic results are con- 
sistently poor \o case is on record where recovery has been demon 
strated in the intrinsic muscles of the foot The type of sensory 
restoration on the average exceedingly defective and in many 
patients constitutes a source of danger owing to the tendency to 
tiaumaVit vAceiatvon vu the foot The earlier and more complete 
recovery seen m the calf muscles as compared with the anterior tibial 
group often determmes a contracture in patients who lack post 
operative supervision As m the median nerv e irritative phenomena 
are occasionally seen In a not inconsiderable proportion of gunshot 
injunes of the sciatic nerve after successful suture and the appear^ce 
of partial motor and «iensoiy recovery amputation of the hmb is 
necessary 

Ejrtemal popliteal nerve — ^Tbe percentage of complete failur^ h^ 

but on the other hand very complete recoveries have been descn^ 
In uncomplicated lesions the economic capaaty of the mdiwdua 
provnded with an efficient walking apparatua is very satisfactory 
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Of the results of secondary suture of the less commonly injured nerves 
the information is too scanty to merit a detailed discussion 

Results or Neurolysis 

It IS often difficult to define how far a neurolysis has brought about 
the recovery which follows the operation In many pure compression 
lesions, removal of the compressing ^ent is rapidly followed by the 
re-appearance of both conductivity and function This means that 
the nerve-block has not been due to actual degeneration of axis 
cylinders The effect of a neurolysis under these conditions is to 
eradicate the trauma caused by the repeated stretching or friction of 
the anchored ner\’e dunng the natural movements of the part ^Vhe^e 
a compression lesion has been in existence for some time, and degenera- 
tion lias occurred on a considerable scale, formidable obstacles to 
spontaneous regeneration are situated in the interior of the nerve- 
trunk — 1 e interstitial fibrosis Thus the elimination of the cause of 
the trauma at a late stage will not necessarily restore function This 
sequence is show n quite clearly m the results of the operative treatment 
of brachial neuritis due to a supernumerary cervical nb In SI cases 
recorded by Sargent,* in which muscular atrophy (intrinsic muscles) 
was the predominating sign, full recovery of bulk and strength m the 
affected muscles was seen in 12 only 

Stvtistics Illustratixg OrcRATios Results 

Sherren (London Hospital), 1908 Civil injuries 71 operations Primary 
suture, 60 operations In all, motor function regained and restoration of 
protopathic sensibility All cases uncomplicated by suppuration, and 
obsen’ed for a long period, regained perject sensation 

Secondarv suture, 21 operations Motor recovery m ill Sensorj' recoi erj' 
imperfect 

Dumas (Pans) 19 x 7 (B»I/ et Mem Soc C//»r . June 5 1917) llSopera- 
tions ort the musculo spiral nene (war injunes) Evidence of recovery m 
42% , of regeneration in G5 2% 

Tinel (Pans), 1918 lOS operations (end to end sutures and nerve grafts) 
on various nerves (war injuries) Complete recovery m 20% , complcfe 
failure in 13% , improved, 66 % 

Stracker (Vienna), 1919 {Beit z flin Chir , 1919 cxvi,Heft2) 238opera- 
tions. miscellaneous nerves (war injuries) Standard of recovery’, the number 
of muscles re mnervited End io end suture, 147 operations improved, 
76% (it least one muscle showing reco\ cry) cured. 13% (all muscles showing 
recov ery) 

Neiirolvsis 91 operations recovery in at least one muscle, 83%, 
recovery' in all muscles 81% 

Stopford (Manchester), xg 2 o {Bratti May 1920) 271 operations (war 

mjurics) performed by various sui^ons Standard of recovery' ncuro- 
logicil hnd Io end suture Upper arm, recovery of vary mg types in 88 % 
failures (complete) 12% rorcarm, recovery' in 70%. hilures, 21% 
Lower limb, recovery in 85% failures, 15% 
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Forrester-Brown (Edinburgh), 19*0 {Bn( Med Joiirn . Sept 25 1920) 
275 operations (war mjunes), performed by Stxles and the reporter Standard 
of recovery, neurological hndto-end sulare 158 operations Complete 
reco\erj% 29%, complete sensorj' recovery, 19%, complete trophic recovery, 
21%, mcomplete recovery of all three functions, 50% Total complete 
recovery seen in 5 median nerve sutures and 8 musculo spiral nerve sutures 
Comparison between different nerves Median nerve, 50% complete motor 
recovery, 28% complete sensory recovery Ulnar nerve, 17% complete 
motor recovery, 18% complete sensory recoverj’ Musculo spiral nerve 
62% complete motor recovery, 33% complete sensory recover^’, 

Uettrolysx^, 117 operations 48% full motor recovery, 19% full sensorj 
recovery 

Platt (Manchester), 1921 150 operations (war mjunes) traced out of 

307 operations (Intenm results m the majority ) End io-etid suture 
Standard of recovery clinical estimation of motor and sensory conduction 
Recovery of varying types seen m 118 cases, 79% , failures (complete) seen 
in 82 cases, 21 % , standardof failure no sign of reappearance of conduction 
after one year or longer 

Results in more important itencs Musetdo '.piral nene^ 35 operations 
recoveries 2G, failures 9 In 5 of the failures the posterior mterosiCous 
nerve was sutured to the musculo <piral trunk Ulnar nene, 47 operations 
recoveries 41, failures 6 (forearm 8, upper arm 8} Suture after anterior 
displacement m 16 Median nere, 80 operations recoveries 27, failures 8, 
all in forearm Sctaltc nere, 25 operations recoveries 18, failures 7 

External Popliteal nene, 9 operations recoveries 4, failures 5 In 8 of the 
failures the antenor tibial and musailo-cutaneous nerves were sutured to 
the mam trunk 

Operations for causal^m .Ifedww nme, 14 operations m 11 patients re 
section, and suture 11 (2 on the same nerve) success (immediate complete 
rebel of pam) 9, failure (incomplete relief) 2 Neurolysis 2, failure in both 
subsequent resection and suture with complete success Injection of quinine 
and urea 1 mcomplete relief Sctatic nene, 11 ojierations total resection 
and suture 9 success 9 , segmental suture of mtemal popliteal element 1, 
success I neurolysis 1, success 1 

Sttrptoid (Manchestet), 1923 Unpublished figures , gunshot mjunes 
True end results as illustrated m the tj^ie of recovery seen in 167 suture 
operations In the majontv of these cases the penod of postoperative 
observation has evtended over three years or more In all, the neurolopcaJ 
syndrome has apparently reached a final and stationary stage The standard 
of assessment is neurological, the motor recovery being recorded in terms of 
voluntary contraction 

Musculo spiral nene 87 cases 

Recoveries m terms of motor function — 

Supinator longus 

Proximal muscles • • Extensor carpi radialt? longior 

Extensor carpi radialis brevior 
Extensor carpi ulnans 
Extensor communis digitontm 
Extensor minimi digiti 

Distal muscles Extensor ossis metacarpi pollicis 

Extensor brevis poIIicis 
Extensor longus pollicu 
Extensor mdicb. 
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Proximal muscles plus distal muscles {complete) . . . . 20 

Proximal muscles plus distal muscles (partial) . . . . 16 

(Extensor brevis pollias lacking in all) 

Proximal muscles only . . 1 


In two cases of complete recovery the Interval between the date of injury 
and the time of operation was three years and two years respectnely. In 
many of the complete recoveries the extensors of the wnst do not function 
S5mergicaliy. 


Ulnar nene — 38 cases (upper arm 19. forearm 19) 

•r> , , (Flexor carpi ulnaris 

Proximal muscles . jriexor profundus d.gitonim 

Distal muscles Ulnar mtnnsics of the hand 


A Upper arm 

Motor recovery 

Sensory recovery 
B Forearm 

^^otor recovery 

^ Sensory recovery 


I Proximal muscles plus distal 
•! muscles (partial) 

(proximal muscles only 

{ Restoration of protopathic sen- 
sibility m ... 

Protopathic plus partial restora- 
tion of epicntic sensibility m 
No sensory recovery m 


12 

7 

9 

4 

C 


^Hypothenar muscles alone . 8 

I Hypothenar plus one or more of 
' tlie mtnnsics ... 9 

I First dorsal interosseous alone 1 

[,No motor recovery .. .. 1 

r Protopathic phis epicntic (partnl) 9 
1 Protop ithic alone (complete 8, 

[ incomplete S) . . . . 6 

I Complete sensory recovery . 1 

[No sensory recovery , . . . 3 


Median nerve — 43 cases (upper arm 22, forearm 21) 

Proximal muscles Pronator radii teres, wnst flexors and long 
finger flexors 

Distal muscles . Sfedian mtnnsics of the hand. 


A Upper arm 

Motor recovery 

Sensory recoverj' 

B Forearm 

Motor recovery 

Sensory rccov cry 


(Proximal muscles plus distal 
. . j muscles (partial) . . . 7 

I Proximal muscles alone . . 15 

( Protopathic alone .. II 

Protopathic plus epicntic (partial) 6 
No sensory recover)’ . ..5 


f Thenar muscles . . 

\No motor rccov try 

I Protopatliic alone 
Protopathic plus epicntic (partial) 
No xen'-orj’ rccov cr}' 


9 

12 

9 

10 
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Sctoitc nme — cases 
Motor reco%ery 

Sensor\ reco\er) 

Exlemal pophleal tterte — 12 cases 
Motor reco\ en. 

Sensory recoverj 


( Internal popliteal pins external 
popliteal muscles 20 

Internal popliteal alone 7 

iProtopathic alone (complete) 2 

Jprotopatlnc alone (incomplete) H 

JPfotopathicplusepicnticl’partwl) fi 

(\o <ensorj reco\crj 5 


) All muscles C 

I One or more muscles C 

j Complete 4 

• Protopathic alone T 

I \o sensory reecnety 2 


Cosset (Pans) 1924 194 operations 


Success or Mvricfd Improvement 


Nerve 

j Neurolvsis 

j Suture ^ 

Musculo spiral 

per cent 

1 95 

per cent 

45 to 55 

>iedian 

47 

44 

Ulnar 

48 

17 

Sciatic — trunk 1917 

55 

85 

1920 

— 

JO 

Sciatic— external popliteal 

j €6 

so 

Sciatic — internal popliteal 

— 

10 to 50 


Fr«»er (Philadelphia) 19*4 496 Operations (war injuries) 


Nerve 

Result 

1 Good ^Iediocjif 

Nrrwt’E 

1 

1 Brachial plexus 

per cent 

S3 

per cent 

87 

1 per cent 1 
[ 29 1 

1 Musculo spiral 

23 

80 


Median 

58 

28 

14 

Ulnar 

12 

55 


Sciatic 

25 

41 


External popliteal 

31 

52 

1C 

Internal popliteal 

46 

46 






CHAPTER XI 

OPERATIONS ON BLOOD-VESSELS 

By G. GREY TURNER 

Surgical anatomy. — The walls of arteries are composed of three coats. 
The external or tunica adventitia consists of a network of elastic 
fibres and connective tissue. In this coat the blood-vessels and the 
network of sympathetic fibres suppljdng the artery are found. It is 
only loosely attached to the middle coat, or tunica media, which is 
the main framework of the vessels, being composed of strong elastic 
fibres with a lesser proportion of plain muscle, both closely bound 
together with connective tissue. The inner coat or intima is formed 
by a layer of elastic tissue supporting the smooth elongated endothelial 
cells which line the vessel. 

All vessels lie in a bed of loose cellular tissue, which acts like a bursa 
around them and permits their free movement. The arteries are not 
only in a state of tension or tonus as regards their lumen but as regards 
their length, for they retract to a considerable extent when cut across. 
Tliis retraction is associated with contraction of the lumen at the cut 
ends and is an important factor in the natural arrest of haemorrhage. 

The arteries of the limbs receive their nerve supply throtigh sjTnpa* 
thetic fibres which reach them by continuity with the ple.\uses on the 
great vessels of the trunk. But the supply is reinforced at various 
levels throughout the limb by post-ganglionic fibres which travel 
to the vessels via the peripheral nerve-trunks. The whole mechanism 
is regulated from the vaso-motor centre in the medulla which in turn 
is subject to influences from the higher cerebral centres. For the most 
part", the vaso-motor nerves are constrictor in function, but there is 
probably an active though not nearly so powerful vaso-dilator 
mechanism. 

The veins are constructed on the same general plan as the arteries 
except that tlie three coats arc much thinner. The inner coat is less 
easily ruptured and the middle coat contains a smaller proportion of 
muscular tissue. A characteristic feature is the presence of a system 
of. valves which prevent reflux of blood. Each valve consists of two 
semilunar flaps attached to opposite sides of the vessel wall, eacli with 
a small sinus on its cardiac side. Tlie distension of these sinuses 
closes the valve and prevents regurgitation. WTien tlie veins are 
chronically distended thfe valves are rendered incompetent. V.ilves 
are absent from the superior and inferior vena.* cava; and from tlic 
pulmonary' veins, as well as from the portal vein and its tributaries. 
They are very scanty, in the veins of the lower part of the rectum and 
in the iliac and common femoral wins. The circulation through the 
veins is greatly assisted by the pressure of the surrounding muscles. 

17 481 



4b2 OPERATIONS ON BLOOD VESSELS 

GENERAL CONSIDERATIONS 
The control of the circulation through a limb is necessarj in manj 
operations on the vessels of the extremities The method most 
generall> satisfactor> and to be employed whenever possible is the 
rubber tourniquet Much has been said about the harmful effects of the 
tourniquet these are mostly the result of long application but e\en 
^\hen used for a short time during an operation damage may be 
caused to the ner\ e trunks of a thin upper hmb That nsk is reduced 
to a minimum by using the elastic bandage rather than the rubber 



tube and b> applying it just sufficiently tightl> to arrest the arterial 
circulation rather than as tightly as possible as is sometimes 
advised Of all \anetics of tourniquet the Esmarch s rubber bandage 
21 in wide is the most generally usefuL Except for comparatively 
small upper limbs the pneumatic tourniquet has not been a success 
although the idea is thoroughly sound 

WTienever conditions will allow the limb should be partially 
gumated by elevation For this purpose it is held high abov e the body 
for three minutes As a result not only is the venous return assistctl 
but as shown by Lister in 1879 there is also an active contraction m 
the arteries limiting the blood flow into the limb MTnle tlie 
still elevated the tourniquet is applied well above the area to 
operated upon and the part is then slowly restored to boJi level 
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the lesion is near the tnink it may be veiy difficult to apply the tourni- 
quet or to keep it in position during the necessary manipulations In 
these circumstances Wjeth’s pins (Fig 276) or the shng method, as 
sho^\nlnFlg 277, can be recommended In children or spare adults an 
elastic tourniquet applied around the trunk (the abdominal tourniquet) 
IS usually efficient and is not likely to damage the intestine In mus- 



cular or stout adults it is impossible to control the aorta in this ^^ay 
without exercising dangerous pressure 

Wien a tourniquet cannot be used, temporary or provisional ligature 
of the mam vessels may be cmplojed It must be recognized that 
occlusion of the main \esscl docs not exerj'\\herc shut off the collateral 
circulation but, none the less in certain situations it provides a most 
effective control The arterj' chosen for ligature must be most gentiv 
handled, especially if it is likclj' to be degenerated Tlie ligature 
matenal must be thick and must be so lightly tied that there is no 
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risk of mjunng the intima \o 5 citgut tied over a pad of gauze 
slightly larger than the artery to be occluded the tie of the ligature 
being placed over the gauze is verj satisfactorj and I have found 
that It vnll serve all purposes (Fig 278 ) Another plan is to use a 
piece of rubber tubing in place of the gauze pad or to slip a piece of 
split rubber tubing around the vessel and to tie the ligature round 
this Or the hgature maj be of narrow (quarter inch) tape or soft 
rubber tubing Such a hgature maj be passed round the vessel with 
an aneur>s.tn needle the rather thick matenal being anchored to the 
ev e of the needle w ith a fine catgut stitch Such a ligature need not 
be tied but crossed with sufficient 
tension in front of the v essel and 
fixed vvnth a pair of artery forceps 
W ith a soft rubber tube used as 
a ligature^ gentle traction aw-aj 
from the bod> often suffices to 
control the circulation in vessels 
of moderate size 

Temporary ligature tn special 
stliiaitons — For laige vessels 
occlusion clamps are not verj 
satisfactory and ire verj apt to 
slip out of position In the neck 
temporary ligature may be 
required when operating for 
aneurism or for the purpo&es of 
a tnal arrest of circulation 
The common carotid— recognized 
b} the absence of branches — v\ ill 
usuallj be selected The internal 
jugular vein should be careful!} 
separated before attempting to 
pass the hgature For very V’as- 
cular conditions m the upper limb 
the ligature should be placed on the third part of the subclavian 
artery In the lower limb occlusion of the common femoral does 
little to control h-Bmorrhage through the collateral arculation 
especiall} when this has become enhanced In the latter case it is 
far better to place the hgature on the common ihac which should 
be exposed by the abdominal route This is also the best course 
when dealing with vascular conditions about the buttock 
Ligature o/ the main tessel oj a limb — Quite apart from the nsk of 
gangrene other considerations have stimulated suigeons to devT*e 
methods by w hich the roam blood supplj can be preserv ed Rutherford 
^lonson used to sa) that a limb was never «o good after the hgature of 
the main artery and Hogarth Pringle confirmed that opinion man} 
of his patients complaining of some degree of pennanent weaJme^ 
m the Utnb The question is probabl} related to the degree of col 
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lateral circulation which his developed at tlie time the ligature is 
applied The lesson seems to be that in cases of injury ever} attempt 
should be made to repair or replace the damaged vessel In disease 
time should be allow ed for the development of the collateral circulation 
and, when there is evidence that it has been established there need 
be less hesitation in appljing the ligature I must confess that in 
dealing with aneurysms I have usually found it necessary to carry out 
excision with ligature of both ends of the vessel, but the results have 
been most satisfactory as regards absence of gangrene and subsequent 
function 

Methods of preventing intravascular clotting — Until the use of 
heparin surgeons had to rel> on (1) gentleness to avoid injury to the 
mtima (2) liquid paraffin to protect needles and suture material, 
and (3) irrigation with anti coagulant citrate solutions As a result, 
much successful vascular surgery was earned out especially experi- 
mentally None the less, the nsk of thrombosis was great and its 
onset often marred otherwise good results Heparin is an anti- 
coagulant prepared from animal tissues and also synthetically Up 
to the present time its scarcity and expense have limited its application 
in practical work It is us^ m solution either locally to alter the 
clotting time m an area, or generally by continuous intravenous 
injection to increase the clottmg time throughout the body Its 
advocates hope by its use, not only to prevent local clotting but to 
diminish the incidence of postoperative pulmonary embolism There 
IS however, a considerable risk of spontaneous postoperative bleeding, 
and It should not be used intravenously until 4 to 12 hours after 
operation As yet the preparations and dosage are not standardized 
and are likely to be modified m the near future (1941) It is therefore 
necessary to be guided by the instructions issued with each of the 
several preparations on the market 

It must never be forgotten that the most important entenon for 
success in vascular surgery is freedom from infection Holman 
(1937) summanzes the essential requisites as (1) absolute asepsis, 
(2) absolute luxmostasis and (3) the anatomical dissection of tissues 

INJURIES OF ARTERIES 
Arterial Hematoma and Traumatic Axeurvsm 

A wound of a la^e arter}', or one of its branches, is followed by 
extravasation of blood into the tissues If the wound is not large 
and the surrounding structures are unyielding, the blood may be 
confined to the immediate vicinitv. vihere it clots, forming a “ circum- 
senbed artenal hsmitoma ' In other circumstances the blood may 
extra vasate widely in the cellular planes up and down the limb, 
producing a hrge ill-defincd swelling the “ diffuse artenal luematorna ” 
In cither case the greater part of the effused blood coagulates and 
the wound in the vessel may become scaled off and the whole extra- 
vasation gradual!} ab&orb But, if the communication with the vessel 
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remains patent the central part of the hjematoma forms a caiitj 
constantly distended by the circulating blood The interior of the 
cavitj develops an endothelial lining while its walls become thickened 
and organised The swelling acquires an expansile pulsation and a 
systolic bruit both of which either disappear or are much modified by 
pressure on the v essel on the proximal side of the sac This is the 
false or traumatic arterial aneurysm If the vein accompanying 
the arterj is also mvohed m the wound a direct communication 
between the Uvo may be established the aneurysmal vanx or 
a sac may form between the two vessels when the condition is known 
as vancose aneurysm In each case the penpheral part of the 
hasmatoma becomes incorporated with the surrounding structures 
which are matted together ui its wall The change from hamatoma 
to aneurysm may come about almost at once or may be delaved for 
days or weeks The process is usually gradual but may be quite 
sudden In the early stages after injury there may be senous inter 
ference wnth the penpheral blood supply and gangrene may threaten 
As tune passes the collateral circulation developa and there is usually 
greatly increased vasculantj both of arteries and veins 

Indications for operation — ttTien the injured patient is seen in 
favourable surroundings such as a properly equipped hospital provides 
it is safer to mterfere as soon as pwsiblc after the injury If the 
hzmatoma is increasing or the circi^tion of the limb is embarrassed 
or there are signs of infection arrangements must be made to operate 
m spite of the surroundings As soon as there are definite signs of 
aneurysm it means that operative interference will be required but 
this may be deferred until there is evidence that the collateral circula 
tion is well dev eloped On the other hand when the general condition 
IS improving the local swelling subsiding and there are no signs of 
aneurysm the operation may be mdefimtely postponed 

The object of the operation is to expose the injured vessel and either 
to repair the rent to apply ligatures to excise a damaged portion 
or to bridge a gap bv grafting or intubation Preservation of the 
vessel need only be considered in dealing with the largest artenes 
like the common carotid the subclavian the common or external 
iliac the femoral or the pophteal As a matter of actual experience 
there are very few occasions when conservative measures can be 
usefully attempted and the surgeon is usuallv only too thankful to 
be able to arrest bleeding b\ hgature 

Techmque — If seen within the first few hours and the general 
condition permits the injured vessel should be exposed by an adequate 
incision after the apphcation of a tourniquet The clots which 
easily displaced at this stage should be completely remov ed 
cavity m which they he and a careful search made for the bleeding 
point with the aid of retractors and a good light 

The special method adopted for deahng with the artery w^ ^ 
upon the nature and extent of the tmurv If a wound of a branc 
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of the mam arterj' be found, a double ligature wU suffice Should, 
however, the mam arterj be the source of the hc'emorrhage, an attempt 
should be made to preserve the circulation by artenorrhaphj', or some 
other plan having this object in view, to which removal of the clot, b}^ 
relieving tension, also contributes 

This operation, especially where the haematoma is deeply seated, 
should alway s be regarded as scnous, and the necessary steps should 
be taken to render the patient's condition as favourable as possible 
beforehand Blood transfusion may be necessary, and arrangements 
should always be made for this to be available, m case the patient 
should lose more blood at the operation 

Loss of blood IS not the only factor responsible for the tendency to 
gangrene, as any condition that reduces the blood pressure, such as 
cold or shock from multiple wounds, will have the same effect 

Contusions and Wounds of Large Arteries 

Contusions. — WTiatever the degree of injury to an artery, whether 
by a direct blow or by stretching, the intima is always the first part 
to suffer Delorme (‘ Les Blessures des Vaisseauv; ”), as quoted by 
Sencert, desenbes three degrees of contusion of arteries (1) The intima 
only IS damaged, and on opening the vessel linear tears are visible 
(2) The inner and middle coats are tom, the tear extending only partly 
round the vessel (3) There is a complete circular tear through the 
inner and middic coats, with retraction It must also be recogmzed 
that simple contusion of an artery' or an injury in its vicinity may 
cause such a degree of spasm m the vessel that the distal pulse may be 
obliterated This spasm may be segmentary or it may affect the 
greater part of the vessel distal to the injury This is sometimes 
spoken of as " artenal stupor ” The condition may last for as long 
as twenty-four hours Such injunes may also lead to thrombosis at 
the site, or a weakened area in the vessel-wall may subsequently give 
way, causing secondary haimorrhagc, or an aneurysm may develop 

Of these vanous types, the most common appears to be the second 
The condition is diagnosed by the state of the distal pulse, which is 
either lost or weakened, the avascular appearance of the hmb and the 
condition of the vessel when exposed at operation 

Wounds. — Wounds of large arteries may be of several typea (I) A 
large laceration with continuity completely interrupted, the injury 
being complicated by destraction of the neighbouring muscular and 
other tissues (2) A small wound, caused either by a missile, such 
as a piece of shell or flying glass or a stab, with considerable extrav a- 
sation into the surrounding tissues, and much swelling (8) Gunshot 
w ounds in v\ hich a missile passing close to the main artery has tom off 
one or more large branches 

Tlie surgeon's first aim is to prevent further loss of blood, and it 
must always be remembered that any bleedmg-jjomt which can be 
reached by the finger is under its control The tournujiict should be 
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avoided when possilde and if it must be employed it should be re 
mov ed at the earliest possible moment 
The difficulties attending artenorrhaphy the ideal method of 
dealing with a wounded artery are considered later Wlicn 
an important artery is divided completely and suture is impossible 
continuity may be temporanly restored by a silver or glass cannula if 
arrangements can be made for hepann administration 
A proximal ligature should nev cr be applied to a mam trunk w ithout 
careful examination of the wounded vessel unless indeed the con 
dition IS one of great urgency If such a ligature is used care must be 
taken to applv it as near to the wound m the vessel wall as possible m 
order to avoid interference u ith the collateral circulation The incision 
should be longer than for ligature of an unwounded artery because 
there may be great difiiculty in locating the v essel on account of sw cllmg 
from extravasation of blood a difficulty to which absence of pulsation 
will inevitably add A free exposure moreover renders it less likely 
that the surgeon w ill ov erlook a divndcd branch of the mam \ cssel that 
may have retracted It should be borne m mind that the general 
condition is often senous from loss of blood and that transfusion plays 
an important part m the management 
A very careful search for the actual bleeding point is essential and 
a ligature should never be applied to the mam trunk until there is 
certainty as to the ongin of the hxmorrhage for a large bnneh may be 
the source while the mam artery itself is intact 
A large vessel such as the external ihac may be -punettired with a 
surgical needle an accident which has occasionally happened dunng 
an operation for the radical cure of hernia If recognized at the time 
tlie bleeding can be arrested by fingertip p^c^su^e which may be 
enough to allow contraction and permanent occlusion of the puncture 
If this does not succeed a single stitch mav be applied in the adventitia 
across the puncture or a purse string suture mav be required If 
oozing still persists a patch of fresh muscle held in position for i 
moment or two will adhere and almost certainly prove effective 
WTicn delay has occurred a lixmotoma will probably have formed 
and must be dealt with as indicated m the previous section 
Arterial suture — The treatment of wounds of arteries by suture i> 
by no means new for it was practised by Surgeon I^mbcrt of New 
castle upon Tyme as long ago as 1759 

To secure successful results the following conditions are essential 
(1) perfect asepsis (2) a clean cut wound m the vessel wall without 
bruising (1) absence of tension at the line of suture (1) sufficient 
time to allow the surgeon to carry out the operation thoroughly 
(5) a minimum amount of surgical trauma {it) special prcciutions 
against clotting in the wounded vessel It wall be scvii from tlus 
enumeration wii\ so few injunev lend themstives to ripatr bv thi'' 
method a oscular suture i^ ^ o an e^Ntnlial part of the ojwr iti ns for 
vessel grafting for emboketomv and ancurjsmnrrlnphv 
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A great variety of suture matenal lias been emplojed, but at the 
present time most surgeons rely on fine black silk fitted to eyeless 
needles , this is now supplied ready sterilized in tubes of liquid 
paraffin In an emergency, and when the special vascular silk is not 
available, very fine horse hair or even tlie tliinnest of chromicized 
catgut may be used But whatever the material it should always be 
soaked in liquid paraffin or drawn through vaseline It is well to 
have sutures threaded both on straight and curved needles Fine- 
toothed dissecting forceps vessel clamps with spring or rubber-covered 
blades, fine sharp scissors and a fine, thin-bladed, very sharp scalpel 



for trimming the \essel ends should also be ready The straight 
Tieed’itA uTe favigns, srr.a'A 

needles require a fine needle holder, such as may be used for cleft 
palate work or nerve suture It should lie of a pattern with whicli 
the surgeon is thoroughly familiar A pair of fine artery forceps 
serves the purpose quite well Tlie whole field must be kept moist 
w ith isotonic (3 8 per cent ) sodium citrate solution Some authorities 
think it essential to prevent the suture material coming m contact 
with the circulating blood but experimental work and the scrutiny 
of healed anastomoses has shown that suture material abutting on the 
vessel lumen, whether paraffin coated or not, docs become clothed 
with an intima like covering which iilakes the internal surface of the 
suture line perfectly smooth and even (Fig 279) 

Arlcrtal clamps should ha\e non-serrated blades of the bow t>pe 
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and with a sufficient degree of " spnng *' But clamps are not easy 
to apply m deep ^vounds and a fine rubber tube passed under the 
vessel and gently drawn towards the surface will often suffice For 
larger vessels it may be necessary to cross the ends of the rubber tube 
in front of the vessel and to fix them temporanly with an artery 
forceps, or by ligature 

Technique — ^These operations have often been carried out under 
local infiltration aniesthesia but, unless there is some special feature, 
general inhalation anaesthesia is not contra indicated The limb should 
be exsangumated and a tourniquet applied , it is then placed in a suit- 
able position so that the sui^on can work comfortably and unimpeded 
The incision should be so planned as to give the most direct exposure, 
and of such length that the use of retractors is reduced to a minimum 
It follows that whenever possible it should be placed over the line 
of the artery and it will usually be several inches long, depending on 
the depth of the artery and on the muscular development of the part 
Of course it docs not follow that the length of artery exposed will be 
of great extent, but the easy access to the two inches or more required 
wiU depend upon the free incision of the superimposed parts The 
vessel IS carefully isolated, the greatest care being taken to reduce 
handling to the minimum It must be raised from its sheath suffi- 
ciently to allow arterial clamps or rubber slings to be applied above 
and below the site of proposed suture It assists the separation 
of the vessel from its sheath if the cellular bed m which it lies is dis- 
tended with normal saline Only blunt dissection is required, and 
the actual lifting of the vessel is done by slings or by fine mouse tooth 
forceps taking hold of the edges of the wound, which m any event will 
be trimmed Great care must be taken to preserve all branches 
Vascular clamps must include the whole width of the vessel in their 
grasp and they must be very lightly and gently applied WTien they 
are securely in position, the tourniquet may be remov ed Longitudind 
and oblique wounds may be closed by n continuous suture Slight 
narrowing of the lumen is not necessarily a bar to success, though 
pronounced narrowing encourages thrombosis In transverse wounds 
involving more than one third of the circumference the vessel should 
be divided and restored by end to end suture 

Of all the methods introduced for end to-end anastomosis of artery’ 
or vein, Carrel s classical suture still holds the field Tlie chief points 
are (1) The application of three stay-sutures making the vessel at 
points of proposed union into an equilateral triangle (Fig 280, /, 2 ) 
(2) Fach side of the tnangle is then secured by a continuous suture with 
a tie at each stav -suture (Fig 280, i} (8) All sutures pass through 
all coats of the vessel wall including the intima, which is everted 
The actual method of application of these sutures is best seen from Fig 
280, 5, 6 , and Tig 281 In the opinion of some surgeons two stav- 
sutures are sufficient 

Neexllesi to say, great care should be taken to avoid damage to the 
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\ essel, and this refers not only to the ends, but also to the portion over 
\\hich clamps are applied during the time of suture 

In end-to-end suture the most essential part of the operation. 
\\ hatever method be adopted is the complete removal of the adi entitia 
from the \essel end> If thn. structure is left m stlu, the \essel enda 
remain ragged, and while the continuous suture is being inserted a 
portion of the tom ad\ entitia is likely to be caught and dragged into 
the lumen of the vessel, inevitable leading to clotting (Fig 282 ) 



Fig 281 — Artenal suture br Carrel s method 


7 TUtd side oi tnai^le 'lesMl compklWf tiini«d roUtioo tcc«1 Is i f » e i a ed to bnss 
this Side of tnsnrl' loM view 8. Sotve of utsT completed. 

The best method is to pull the ad\ entitia gently over the open lumen 
of the artery (Fig 283), and then to cut it off flush with the edge ol 
the vessel with fine scissors The ad\entitia, when pulled upon, is 
easily stretched, and, when cut across, retracts w ell above the divided 
end of the vessel (Fig 284 ) 

The artery should be w ell w ashed w ith the citrate solution to ^emo^ e 
all blood Bumheim advocated the apphcation of hquid vaseline or 
paraffin to the v^sel ends to prevent clotting It is of the greatest 
importance to keep the structures moist and w arm during the process 
of suture and this is done by drcqipuig citrate solution, at a temperature 
of 100° F , o\er the wound throughout the operation After the suture 
is complete, the dis/al clamp should always be loosened first, allowing 
blood to flow through the anastomosis from below , and therefore at a 
much lower pressure than if the proximal clamp were removed In 
consequence the surgeon is better able to deal inth.any leak that may 
occur in the suture Ime If the leak be of any size the distal clamp 
should be immediately re apphed, and a single suture put ffirough all 
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site of anastomosis. Tlie gauze is cautiously lifted and the anasto- 
mosis inspected. If there is no -marked leakage and the pulsation 
passes normally to the distal segment, probably all will be well. But 
there is undoubtedly a considerable risk of thrombosis at the site of 
anastomosis and at the present time heparin solution is generally used 
in the hope of preventing this. Before either clamp is removed, 
heparin is injected into the segment of artery between them. Tliis 
can be done by inserting a fine hy-podermic needle into the intact vessel 
After removal of the distal clamp has shown that the anastomosis i; 
sound, more heparin soludon is injected and the proximal clamp; 
released. But if heparin is essential the logical method is to injemx 
into the circulating blood for some day^ after the vessel suture. Tr 
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should be remembered that many successful cases of vessel suture \\ ere 
reported before the introduction of hepann 
Shelton Horsley* descnbes another method m which he applies 
three sta> sutures followed bj a mattress suture introduced b> two 
needles he thus raises a flange round the dnided ends of the vessel 
and the cut edges are left unco\ered by the sutures (Fig 285 ) The 
advantage he claims for this method is that the intima is thereby more 
nearly approximated and that there is a mmimum amount of suture 
matenal exposed m the lumen of the vessel A similar plan but using 
onlj one needle is recommended by Learmouth (1940) 
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Completely diinded vessels may be difficult to repair by end to-end 
suture as they stretch to a ven limited extent and are often anchored 
by branches which it may be unwise to divide 

Lateral or small transverse wounds in artenes that are dean cut are 
the most perfect injuries to suture and give uniformly good results m 
the absence of mfection Such injuries most commonly caused by 
sharp knives as in stab-w ounds or by flvang glass are dealt 
the application of proximal and distal clamps and suture The 
adventitia is removed and the vessel having been washed clean with 
warm citrate <=olution the rent is repaired by one continuous vaselined 
suture which passes through all the coats of the v essel 

A small hole m a large vessel caused by the dn ision or evulsion ol a 
lateral branch may be closed m the same manner Persistent oozing 
may be arrested by placing a small piece of fresh muscle o\ er the are 
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of repair and pressing it into position for a minute or two with the tip 
of the gloved finger 

Suture of wounded blood-vessels. — Tlic experiences of the war of 
1014-18 proved that pnmarj vascular suture for gunshot wounda 
was highly unsatisfactory This was due (1) to the great extent of 
damage done to the vessel walls by the impact of the missile (2) to 
the infection of the operative field (3) to the lack of time and, often, 
of suitable environment In wounds with extensive damage to the 
surrounding parts sepsis was almost certain to follow^ and gas 
gangrene was frequent when the tissues around the sutured vessel 
were closed without adequate drainage, for it is well known that gas 
gangrene is exceedinglv probable in the presence of devasculanzation 
of muscle In injunes to mam artenal trunks in the upper limb, 
ligature of the bleeding vessel is often all that is necessary provided 
no great damage to the collateral circulation has occurred and this 
should be remembered when arterial suture is under consideration 
Similar conditions may obtain in civil life especially with railway or 
severe motor accidents Practically any of the main limb vessels 
may be ligatured in continuity without nsk of gangrene, but it is 
otherwise in severe mjurv to the soft parts which may have senously 
damaged the smaller vessels on which the collateral circulation depends 
In the hope of saving such a damaged limb the surgeon may be justified 
in trying primary artenal suture It is essential to do everything 
possible to prevent sepsis and m these circumstances the intelligent 
use of chemo therapy is v aluablc 

Transplantation or Segments or Blood vessels 
It was long ago demonstrated by Carrel* that segments of blood- 
vessels may be successfully transplanted from one animal to another 
of the same species Further it has been shown by numerous expen- 
mentalists that rubber tubes and cannulic can be introduced between 
the ends of div ided artenes in animals with vary mg but, on the whole, 
successful results Guthrie transplanted a portion of the vena cava 
of a dog, preserved in 2 5 per cent formalin for sixtv days, between 
the divided ends of the common carotid artery of another dog At 
the end of twenty -three days the vessel was laid open, and the lumen 
of the transplanted segment was found to be patent and capable of 
carry mg on the circulation there was slight thickening, but otherwise 
the graft looked normal This clearly proves that a preserved venous 
graft may adequately serve the mechanical -function of an artery over 
a period of more than three weeks The bndging of an artenal defect 
by the transplantation of segments of blood-vesseL has now become 
more than an expenmental procedure, and venous grafting has been 
performed many times with success It is obvious that a fresh graft 
IS the best, anci that it should be supplied from the patient s owai 
vessels A venous graft is employed, as its removal does no damage 
to the circulation the intemal saphenous vein will be found useful 

• Journ Amtt Uti Attac^ 1907 It 27S 
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for the purpose The graft should be placed in the reverse position so 
that an> ^ alves present not impede the circulating blood Such 
grafts have been used after exasion of aneurjsms to bridge a gap 
bet^\een vessel end> \^hich could not be approximated for direct suture 
Thej have also been emplojed in wounds of large vessels and in 
involvement of large artenes in resection for malignant disease 
Hogarth Pnngle of Glasgow * records tw o cases of aneurj sm treated 
bj this method after resection of the sac In one case (left pophteal 
aneur\«m) he was unable to jom the cut ends of the artery so he 
emplo} ed 4 in of the internal saphenous vein from the opposite thigh 
as a graft and h\ this means using Carrel s method of suture he 
restored the circulation Three months later the patient returned to 
work and when seen again nine months after the operation there was 
pulsation in the pophteal graft which could be seen and felt and both 
pulses at the anUe-jomt were of the same volume This man worked 
regularlj until he died from heart disease three y ears and three months 
after the operation He always declared that the operated limb was as 
good as Its fellow The grafted area examined after death showed a 
patent lumen of rather larger diameter than the adjacent arter} The 
other case was that of a blacksmith who sustained an injurj to the 
brachial arteri just above the elbow joint At operation five weeks 
later the arterv was found to be spbt longitudinall>*^r an inch This 
portion was excised and a graft from the internal saphenous vein 
implanted The result was successful and the patient returned to 
work in fourteen weeks with the circulation through the mjured artery 
restored — ^for pressure over the grafted area immediately arrested tlie 
radial pulse This man also declared that the operated limb was as 
good as Its fellow A jear afterwards he joined the arms and served 
in Gallipoli where he w as killed in action 
The same procedure was earned out bj Lexerf after excision of an 
axillor) aneurvsm and the result was also successful 
In 1^12 Boothb} J pointed out certain difficulties in performing thu 
operation on account of the thinness of the venous segment His 
description of an operation performed on an animal ma\ be thus 
summarized — 

After the vein (vena cava for example) is freed for a distance of 
2 in ligatures are applied at the upper and lower ends Close to the 
upper ligature the vein is grasped bj a pair of smooth forceps and a 
small mck is made m its wall Then a staj suture is passed through 
the V em emerging at this nick the second staj is placed on the side 
of the vein wall towards the back in the same wa^ also emerging 
through this nick the third is placed on the opposite side to the first 
and likewise emerges through the same hole In like manner three 
staj sutures are placed at the other end of the segment Each staj 
as soon as placed is clamped b> a mosquito forceps to keep it m place 
and prevent its needle from falling off \Vhen all the stav s are placed 

•Lan a JuD« 8 1913 i ITSa 
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the division of the vein is completed, and it is transferred to the place 
prepared for it m the arter% (aorta, for example) Each staj is rapidlj 
passed, m its appropriate position, through the wall of the aorta from 
witlun out, and tied to complete the junction The circular suture is 
then proceeded ^Mth 

Conclu^ons — ^WTien possible, the segment to be transplanted should 
be taken from the patient's own \esseL> 

Transplants in nearly all cases should be venous and not artenal 
as few artenes of suitable size can be spared As a rule, the internal 
saphenous vein is the most convenient vessel 

Care should be taken m selecting a portion of vein for transplanta- 
tion, to avoid a segment vnth branches Should it contain valves, 
the} must face the proper wa> 

The transplanted vein quickly becomes hj pertrophied and capable 
of vvithstaning the artenal pressure 

Though opportunities for artenal suture are infrequent at least m 
cml life, It IS a good plan to have the special instruments and sutures 
alwajs ready, kept together in a box or case for the purpo&e Suitable 
needles, threaded with black silk ready stenhzed and m sealed glass 
containers can be purchased 

Artificial Canalization— Tuffier s Method 
This IS an ingenious method suggested b> Tuffior for dealing witli 
cases where the wound of the vessel is so extensive as to make suture 
impossible , it consists m the introduction of a silver or glass cannula 
between the divided ends of the tom vessel It is employed especially 
in cases of injury of large vessek, such as the carotid, the femoral, 



Fig 286 — ^The glass cannula as used by Gordon Murray and Janes 
{Bnl Ued Jfmrn JalyClh 1910) 

or the popliteal arteries, where primary ligature ma) lead to gangrene 
before the establishment of a satisfactory collateral circulation 
The cannul* are made with a flange at each end, and in vanous sizes 
suitable to the calibre of the artery (Fig 28G) The lubes used to be 
prepared bv immersion in a solution of paraffin wax and yasehne, but 
since the use of heparin this is probably unnecessary 
Tlie tom vessel is lemporinly occluded yvith Crile’s damps and its 
lumen washed free of blood , the damaged ends are tnmmed up, the 
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additional advantage o{ interrupting the %aso constnctor pathnajs 
uhich maj be so much stimulated b> simple ligature as to set up pen- 
pheral spasm m the arteries, thus interfering nith the development 
of the collateral circulation By allowing the ends to retract it also does 
away with longitudinal tension and makes occlusion easier and more 
secure and even m the presence of sepsis this method is considered 
safer than any other Everj effort should be made to have the ends 
buned in the soft tissues and, when this does not occur naturally 
as the result of retraction neighbounng muscles should be drawn over 
them When it is necessary to ligature a branch near a main trunk it 
is most important to leave as long a stump as possible, and especial 
care should be taken to cover the ligatured vessel with muscle or other 
tissue such as fascia or a neighbouring salivary or other gland 

8 Treatment of the vein Formerlj it «as emphasized that the 
greatest care should be taken to avoid injurv to the vein, but it is now 
recognized that it is safer to ligature the vein at the same time as the 
arterj this means there is less likelihood of gangrene Some 
doubt has recentlj been expressed about the truth of these statements, 
but I am convinced of their general accuracj Even if ligature of the 
vein onh plays a minor part in secunng better nourishment of the 
hmb it can at least be urged that this step never docs harm 

The principles of the operation are as follows — 

(1) The incision should be made in such a waj as to secure the most 
direct exposure of the arterv and with as little retraction and mam 
pulation as possible 

(2) The guide to the arterj is its known anatomical course, and at 
each step the defimtion and recognition of stnictures which have the 
most direct relationship to it Each vessel has some landmark which 
ought to be known and which is recogmzed as the ' ralljing point ’ 
for that particular vessel It is essential that the incision should be 
of sufficient length , the most frequent difficulties are due to inadequate 
exposure These operations are easier m the living than m the cadaver, 
for the pulsation of the artery is an excellent guide 

(8) The vessel must be isolated from surrounding structures Wlien 
the artery is exposed it should be verj gently taken hold of with a 
pan* of reliable artery forceps With these it maj be drawn towards 
the surface so that it ma> be safclj cleared from surrounding structures 
This traction on the arteiy is the greatest possible aid and, if gently 
carried out, can do no harm Great care must, however, be taken in 
dealing with an arteiy that is obviousU m an advanced state of athe- 
roma, for such vessels hav e been known to tear across 

(1) The ligature must be passed from the most important structure 
Tor this purpose an aneurjsm needle is verj useful, and whether this 
IS passed threaded or unthreaded depends on the accessibilitj of the 
situation If, as recommended, the arterj is to be divadcd between 
ligatures, the proximal ligature should be tied first After both are 
secured the vessel is held up and cut across where the traction forceps 
have been applied 
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(5) The vein should be tied separate!} some prefer to use silk for 
hgatunng v eins it certainlj has a better bite and a vei} fine size can 
be used 

(6) The ^vound should be careful!} clo&ed muscle and fascia being 
drawm together so that the v»sd ends are not in direct hne with the 
skin wound m most situations this naturall} foUou’s It is better to 
av Old drainage whenever possible 

(7) After the operation the part should be kept at rest in the most 
comfortable position and if there is any question of gangrene the 
greatest care should be taken to keep it at room temperature Tlie 
limbs should have been previously cleansed dried and dusted with an 
antiseptic powder and should be loosely wrapped m wool 

Alujiiviuxi Bands for the Occlusion of Large Arteries 

This method was devised bj Professor HaJsted of Baltimore in 1906 
it has since been modified and simplified b} Matas and Allen It was 
introduced for the temporarj or trial occlusion of large vessels but it 
can be used instead of the ordmarv ligature The bands are made of 
aluminium and are perfect!} smooth and vnth rounded edges The} are 
6 in long and of var} mg widths from tc inch and of such thickness that 
the band can be bent and compressed round the arterv b} the fingers 
The vessel is exposed in the ordinary wav as if for ligature and the 
band fashioned like an aneuiysm needle, is passed around it and then 
gentl} compressed about the arterj with the fingers until tlie pulse on 
the distal side becomes imperceptible Theexcessisthencutawa} with 
stout scissors An} desired degree of occlusion can be secured and the 
band ma} be left i« silu or subsequent!} removed if it is desired to 
re-estabhsh the circulation 

The value of the method can best be illustrated b} its use m a case 
of subclavian aneur}sm described as follows b} Homans (1939) If 
this (the band) is tightened just sufBaentlv to stop all pulsation m the 
aneui}-sm the state of the circulation m the arm will become clear m 
the following da} or two In the event that the arm and hand remain 
reasonabl} warm and pink nothing more for the moment need be 
done but the state of the sac wall of course be watched If it becomes 
smaller harder and remains without puLation the aneur}sm mav be 
considered cured If the response is unfavourable that is if the hand 
and arm become white and cold threatemng gangrene the clo«cd 
wound- should be re-opened and the band which has injured neithw 
Ultima nor media should be loosened just sufficient!} to restore the 
circulation 

SiMULTANEOLS LiGATURE OF ARTERIAL A^0 VeNOUS TrUNES 


This question has engaged the interest of surgeons JVoffi 

brought prommentl} before the profession at the time of the I9H lyi 
War If for instance the mam artei} of a limb has 
and ligature is necessarj what should be the treatment of 
\ein whether injured or not? Information gathered from evpen 
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ments upon 'intmals led to the conclusion that when a mam arterv 
requires hgature the accompanying mam vein should also be tied 
(Fig 287) 

It has been a surgical axiom from the time John Hunter adiocated 
proximal ligature m 1785 that great care should be taken to avoid all 
injury to the vein when it is found necessary to ligature the mam 
artery But Makins m his Bradshaw Lecture* pointed out that 
proximal ligature of the femoral artery in ca5e& of arteno venous 
aneurysm was followed in a large proportion of cases by gangrene of 
the limb while consistently good results were obtained by excision of 



the implicated segment of both artery and \c\n This classical observ a 
tion him to suggest that -nhen A betaTne neMssasy to liigattnt: n 
mam arterial trunk its accompanying vein should also be tied and 
this course was adapted m France dunng the war from the middle of 
1917 onwards His explanation of these results is as follows — 

The mam vessel being occluded and the direct arterial pressure 
from behind being abolished blood which has been earned by the 
artenal collaterals to the distal portion of the injured trunk instead of 
passing to the penpheral circulation takes the course of least resistance 
into the vein through the arteno vuiouscommumcahon andtlius the 
limb practically bleeds to death much in the same way as though 
the distal end of the w ounded artery opened on the surface Hence the 
comparative safety of removal of the communication cn masse and 

* Uhu » 3 U, 170 
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occlusion of all four openings b} ligature, ^\hich has been confirmed b\ 
numerous operations dunng the present war” 

Expenence dunng the inters ening j ears has left the matter in some 
doubt None the less it maj be stated with confidence that, if it is 
necessary to ligature the mam \ein at the same time as the arterj , this 
maj be done without increasing the nsk of gangrene I wo^d go 
further, and ad\ise that if there has been eKtemne damage to the 
soft parts likel> to mterfere with the development of the collateral 
circulation, simultaneous ligature of the vein would be an advantage 
Of course this step cannot ensure the avoidance of gangrene 
Ligature of Special Vessels 

The analvsis of cases b\ Prof William Sheen* and the observations 
of the late Sir Charles Ballancef lead to the conclusion that there arc 
certain cases of ancurj-sra of the innominate arterj which are suitable 
for proximal ligature and that this is to bo preferred to distal ligature, 
which maj produce a diverticulum of the aorta and so increase the 
pressure within it To guard against recurrence Sheen recommends 
simultaneous ligature of the common carotid The t}pc of aneurism 
suitable for proximal ligature is one that anse< at the bifurcation of the 
innominate arterj 

Ballance held that a portion of the sternum should be removed when 
performing this operation, and pointed out that, from an anatomical 
point of view, the ligation of the innominate arterv is a cervical opera 
tion which should not present anj great difficultj Sheen recommends 
a vertical incision from the cncoid down over the sternal notch and 
does not consider it necessarj to divide or remove bone 
Several methods of bone removal are suggested— either division of a 
portion of the manubrium with the inner end of the clavicle, or longi- 
tudinal div ision of a portion of the manubrium, allowing the sternum to 
be divided laterallv and replaced again after the operation Sir Milliam 
Wieeler recommends that the inner end of the clavicle and the upper 
part of the nght half of the manubnum stemi should be divided md 
turned up with the stemo mastoid bemg replaced at the conclusion of 

the operation (Fig 288) These method conv ert an almost tmpo^si^ 
feat into a workmanlike undertaking I have several times removed 
the Kwvei Uvwd the clavwie and a porUon of the manubnum stcmi 
when exposing the upper ce<ophagus It is not necessarv to replace 
the bone, the subsequent movement of the arm being excellent 
The subclavian artery i> casilv tied in lU third part This operation 
maj be required as a preltmioarv to interscapulo thoracic amputation 
The classical route i> ver> satisfactorj if attention is pud to 
details, 1 e the shoulders must be elevated on a hard cushion or sandbag 
and the arm must be well pulled down by the side The incision snoui 
be the whole length of the clavicle AH superficial veinsmust becaugn 
and divided The outer border of the stcmO'Tn'Vi>toid and the sta e 
tubercle on the first nb are the important guides 

«j:.c/s»rr^ »u,i i* 
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Exposure of the first and second parts is admittedly difficult, but 
the difficulties largely disappear with a wide exposure The skin 
incision must extend from the inner border of the sterno mastoid right 
across the base of the neck as far as the anterior border of the traperius 
muscle on the same side If at anv stage further room should be 
required another incision max be made along the antenor border of the 
stemo-mastoid and carried down over the upper part of the sternum 
The stemo maStoid muscle is completely dixuded 3ust above the 
clavicle and the inner third of that bone is removed by separating the 
structures close to the bone taking care to make the separation 



Fii; 388 — £xposur« o( the innominate artery by section of 
the clavicle and manubnum sletni 
IDriwlng Ifnt by S r W Wb/^lcr ) 

subperiosteal on its deep aspect The bone is cut across with any con 
vement type of small saw, the final stages being completed with bone 
forceps With the fragment held m strong forceps its inner end is 
distdaxmltittili , Wie Tz, x-mx %5.ixyrig ‘awii 'iX 

tates matters to detach the meniscus at the upper border of the articular 
surface of the clavicle At the inner border of the wound the stemo 
hyoid and the stemo thyTOid muscles may be divided With blunt 
gauze dissection the parts can be well exposed on the left side A sharp 
look-out must be kept for the thoracic duct which can always be easily 
identified as thin walled, beaded, pale and without pulsation If 
injured it should be ligatured and divided The jugular and subclavian 
veins can be readily exposed and gently thrust aside It may be a 
great help to double-hgaturc and divide the internal jugular, great 
care 'being taken to leave sufficient of the vein beyond the ligatures 
It must be remembered that the apex of the pleura extenls up into 
the neck behind the subclavian and the artery must be very gently 
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separated from it \ftcr Iigatiiri of the .irttrk or it*, branches as nn> 
be required the wound is clewed If the divided slcmo-mastoid can 
eoiil) be approMmated to muscle rtnwnnfs on the sternum or to the 
ends of the infra h\oid muscles so mudi the better, but this is not 
essential It is suffiaent carefullj to suture the skin with the deep 
fascia and platjsma Tor some da>s the arm is kept supported on a 
pillow or bj the side Tlie functional reco\cr\ is quite remarkable 
A postenor approach to the first part of the left subclavian has been 
desenbed bj A K Hcnr> (Exposures of Long Bones and Other 
Surgical Alethods) andhaseverj appearance of being satisfactory 
ligature of the common carotid artery. — The nsk of cercbril 
symptoms sometimes fatal is a real danger They rarel; occur in 
patients under 25 \ears of age Lc Fort's statistics show 45 percent 
of cases in which brain symptoms followed operation, but this is in 
excess of the exptnence of most surgeons Leonard Freedman* 
considers that unfa\ curable results, such as hemiplegia and s\ mptoms 
of cerebral anzemia are caused b>» thrombosis followed by cmboli«m 
rather than b\ anxmia from failure of the collateral circulation, a 
theory to which Perthest subscribes, and in favour of which he advances 
the following reasons (1) The almost invanable interval between the 
tune of the operation and the cerebral sy mptoms (2) The suddenness 
of the onset of symptoms, resembling an apoplectic stroke (3) Post- 
mortem examinations have repeatedly demonstrated thrombosi> and 
emboli (4)Temporary hgatureof the vessel, or the gradual diminution 
of Its calibre by metal bands unaccompanied b\ symptoms, does not 
prevent senous brain mischief after penmanent ligature (6) Certbral 
complications occur more frequently afttr ligation of the common than 
of the internal carotid artery, because the return flow from the external 
carotid may detach emboli from an extending thrombosis in the 
mam artenal trunk Perthes has shown tliat after tlie release of a 
temporary ligature, wath re-establisbmcnt of the circulation cerebral 
symptoms may occur In 1941 this question is still under discussion 
ScliorsteinJ contends that previous impairment of cerebral circulation 
IS the crux of the matter, but the fact remains tliat such sy mptoms mav 
arise after ligature in not very elderly and apparently healthy subject- 
The practicaf point seems to 6c that ligature of iiie common cawfsd 
should be avoided when ligature or excision of tlic external carotid 
will suffice WTien tlic operation is essential it may be <ome help to 
ligature the internal jugular vein at the same tune and, since there i» 
no evidence that this step is harmful, there is no reason agim-^t it 
To av Old the occasional aiarming effects of hgature 1 1 has been ‘^uggvslcrJ 
(Holman, 1037) that a trial ligature might be earned out under local 
anTsthesia, the effect being observed for an hour A possible solution 
to the problem may be provided by gradual obliteration of the 
but this would mean multiple interventions Wlicn distressing conui- 
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tions like intra-cranial aneurysm demand ligature if life is to be made 
bearable, the nsk must be taken 

Technique — ^The vessel is most convenientlj ligatured just above 
the omo hj oid An ample masion m the line of the arteiy is necessarv 
The first guide is the anterior edge of the sterno mastoid in muscular 
subjects this completely covers the arterj and must be well retracted 
The carotid sheath is freely opened and the vein will be found over- 
lying the artery It must be carefully isolated for some distance so 
that it can be drawn outwards without nsk of being tom The vagus 
nerve lies postenorly between the artery and vein it must be exposed 
that it may be avoided There will be no difficulty in isolating the 
artery for the purpose of passing the ligature if it is gently drawn 
towards the surface the surrounding structures being thrust aside b\ 
blunt dissection 

External carotid. — An ample incision along the antenor border of 
the stemo mastoid is essential It should commence opposite the 
angle of the jaw and extend to the lower border of the thy roid cartilage 
The artery is much higher m the neck than is usually supposed It is 
easy to mistake the internal for the external carotid and the true 
guide IS the presence of branches on the latter The vessel is often 
obscured by the common facial vein which may be very large It 
should either be drawn gently downwards and forwards, or divided 
between ligatures The carotid is to be sought between the antenor 
border of the stemo mastoid and the posterior belly of the digastric 
muscle The h> poglossal nerve is usudly seen crossing the field just 
a little below the latter muscle 

The Ungual artery is nowadays seldom tied as a preliminary to opera- 
tions on the tongue The classical exposure through a small incision 
may be very difficult The best plan is to make i large curved incision 
such as'is used for excision of the glands m the submaxillary region 
With this exposure, the anatomical landmarks are easily identified 

The thyroid vessels are sometimes tied to influence acute thyToid 
intoxication but it is generally conceded that it is as safe, and scarcely 
more difficult, to perform partial thyroidectomv If necessary, the 
superior vessels can be caught and tied in a bunch just as tliey enter the 
upper pole of the lateral lobe It is to be remembered that the position 
of the latter vanes with the degree of enlargement of the gland 

Ligature of these vessels is desenbed in the section on the Thyroid 
Gland, Vol 11 

Tlie axillary artery can be exposed in the greater part of its length 
by an incision in the axilla along the course of the vessel With the 
arm held at right angles to the body and careful retraction, this presents 
no difficulty Ligature of the third part of the subclavian can usually 
take the place of ligature of the first part of the axillary and is much 
easier and more satisfactory WTien the tissues arc disturbed and 
displaced, as. they ma\ be m traumatic ancunsm there need Ik no 
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hesitation m making an incision directlj over the line of the arterj 
from the middle of the axilla to the centre of the clavicle Both the 
pectoral muscles can be divided m this line and if necessary the clavicle 
ith the arm drawn away from the side and the shoulder allowed to 
fallback the exposure IS very free Afterwardstheendsof theclavacle 
should be drilled and fixed together vv ith strong catgut or w ire and the 
muscles carefully repaired with stout catgut 
The common and internal iliac artenes should alw aj s be approached 
b) the intra abdominal route Good anaesthesia and the high Tren 
delenburg position greatlj facilitate the operation A median incision 
IS best and should extend from just above the umbilicus to the pubes 
The peritoneum ov er the artery must be picked up before being incised 
and there should be no hesitation m dividing it for 2 or 3 in Tlic 
ureter tends to adhere to the pentoncum but it can alwaj*s be identified 
bj Its position and the fact that it vermiculates at intervals and when 
touched The vein must be carefully separated from the arterj before 
passing the ligature \\^en it is decided at what point the arterj b 
to be tied it can be held by forceps and gentlj drawn inwards the 
V ein being carefully thrust aside by gauze stripping ft is not easy to 
tie the internal iliac artery and great care must be exercised for it hugs 
the pelvic wall and is intimately connected with tlie vein 
The external iliac can also be tied by the intrapcntoneal route but in 
most cases this is not ncccssarj It can be reached conv enientlj b> mak 
mg the classical oblique incision m the iliac fossa i in abov e Poupart s 
ligament This incision must stop short of the internal abdominal nng 
on the one hand and the deep circumflex iliac arterj on the other 
After incising the muscles and the transversalis fascia the peritoneum 
can be casilj stripped up and the arterj reached cxtraperitoneailj 
Tlie low est part of the v ossel can also be exposed bj an oblique incision 
just below Poupart s ligament The common femoral is identified and 
with the thigh slightly flexed the inguinal ligament can be drawn 
upw arcls w ith a strong narrow retractor vv hen the v essel can be expowd 
and tied 

The femoral artery and its brandies present no special difTicuUj 
provided adequate incisions — six or more inches m kngth— an, 
emplojed ^^^len the intervention is for primary hrcmoirhage it b 
imperative to expose the bleeding point which is often at the site of 
the ongin of a branch In all circumstances both ends of the injurwJ 
vessel must be secured Gunshot wounds in these areas are specials 
dangerous and there is great risk of subsequent gangrene The qucflion 
of artificial canalization should be borne in mind {see p 4'^7) In int 
upper three quarters of the thigh the incisions should be on the anterior 
aspect in the line of the vessels In the lower quarter the incbion 
sliould be medial along the line of the adductor tendon Tlic sartomis 
IS exposed freed and retracted laterally or medially whichever is tlie 
more convenient Tlic roof of Hunters canal is fredv opened an i n 
necessary the vessel is traccil down bevond the adductor mto 
upper part of tlie popliteal space 
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Tlie popliteal vessels are best exposed b\ a long, slightly oblique 
incision extending from a hands-breadth above tlie centre of the 
pophteal space, slightly on the inner side, to a hands breadth below 
that point in the middle line 

The gluteal and sciatic vessels — ^In dealing with wounds or small 
aneurysms or doubtful lumps which require exploration, direct incision 
dver the buttock may suffice When there is great vasculant> , as in 
large aneurisms or new growths, the h.Tmorrhage following direct 
incision may be appalling, and no incision should be made until a 
temporary ligature has been placed on the common iliac artery by the 
transpentoneal route The abdomen having been temporarily closed, 
the patient is then turned over so that the region of the lesion on the 
buttock may he explored This is best done by a vers free incision 
along " Lizar s Upper line ’ which mns from the postenor supenor 
iliac spine to the tip of the great trochanter In muscular subjects the 
skin incision may well be of this length The gluteus maximus is 
divided in the same line, which corresponds with the direction of its 
fibres As soon as its substance has. been traversed, the cellular plane 
between it and the deeper muscles will he apparent By blunt dis- 
section and good retraction, the p>nformis will readily be exposed, 
with the gluteal vessels m the region of its upper border and the 
sciatic below To secure a sufficient exposure it ma> be necessarj' to 
detach some part of the origin of the gluteus maximus from the crest 
of the ilium and the great sacro-sciatic ligament After the lesion has 
been dealt with and die vessels secured at the site, the wound must be 
packed while the temporary ligature is loosened. If, then, after removal 
of the packing, inspection shows that the hamorrhage is completelv 
arrested, the buttock wound may be closed, after which the patient 
IS laid on his back and the Iaparotom> dealt with On the other hand, 
small persistent bleeding in the buttock ma) be traced to its source 
and dealt with by further direct ligature But if the bleeding cannot 
be arrested or if it is profuse, the temporarv ligature must be again 
tightened while the internal iliac is secured by permanent ligature, 
after which the temporary ligature can be removed and the abdomen 
closed Attention must then be given to the toilet of the buttock 
wound These interventions are senous, much care must be taken to 
guard against infection, the necessary movements must be carried out 
slowl} and deliberately, and time allowed for the patient to rest between 
stages Two operators maj work together, one dealing with the ab- 
domen and the other the buttock Of course, arrangements for blood 
transfusion must be in readiness 

The posterior Jibial artery presents features of special interest Most 
surgeons recognize the difficulty of dealing with hemorrhage in wounds 
of this vessel These coses, when seen a few hours after iniurv', show a 
tense, brawny, painful swelling of the whole of the calf, often with 
free hemorrhage from the entry or exit wound Immediate operation 
is demanded, not only to avoid further loss of blood but to lessen the 
risk of septic complication and gangrene 
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In tile presence of much c\travasated blood throughout the muscular 
planes of the back of the leg, it often \ er>’ difficult to find the bleeding- 
pomt The usual incision for ligature of the \cssel is made along the 
inner tibial border 4 in behind the bone After dnision of the skm, 
the deep fascia is incised and the inner edge of the gastrocnemm* 
defined and draum back\\ards The soleus muscle is then duided 
about J in from its attacliment to the edge of the tibia and, uhen tins 
IS complete, the intermuscular septum or fascia co^ enng the deep 
flexor muscles is exposed and folloued up lo the middle of the Ic^ 
The parts being tlien carefully retracted, the ^ essel is found l>mg on 
the tibialis posticus muscle This is the ordmarj' textbook operation, 
but it will be found difficult and unsatisfactory m the cases under 



Fig 289 — Lines of incision for ligature of airtenor and posterior tibial artenes 


consideration The best and most direct route {Guthrie's method) w 
by a long incision dow n the middle of the back of the calf, di\ iding the 
skm the superficial and deep fascia, the gastrocnemius and the soleus . 
the incision should incline inwards, to end midwa 3 ’ between the tcncio 
ActwUis and the uiternal maUeolus (Tig 289 ) WiUi a finger as a 
guide, the two heads of the gastrocnemius can be separated, and the 
soleus di\ ided ' ertically in the middle line By retraction of the edges 
of the divided muscles the posterior tibial vesscU will be c.\|)04ed 

The advantages of this incision are directness of approach, better 
exposure m dealing w ith bleeding points, and more efficient draimge it 
necessary Further should the peroneal artery prove to be the source 
of hremorrhage and not the postenor tibial, the injured v c&>el is more 

The upper third of the anterior tibial 3rter> is difficult to 
on account of the upper part of the fibula The 
along the posterior border of the biceps tendon, around the neck 
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fibula and down over the antcnor compartment of the leg The 
common peroneal nerve should be deliberate!) exposed o\er the 
length of the wound so that it can be drawn aside out of harm s wa) 
The outer head of the gastrocnemius and the soleus ma% be com 
pletel) divided and, if necessarj, a section of the upper third of the 
fibula excised , it is not nectar) to replace the bone The antenor 
tibial m the upper third of the leg can readiU be exposed if the incision 
emploj ed is adequate (Fig 289 ) 

Secondary Ha:morrhage 

In cases of secondary h?emorrhage, which usually takes place be- 
tween the seventh and tenth day after injury or operation as the result 
of wound sepsis, the patient does not pick up during the intervening 
day s, but continues to look ill, is nervous and anxious and tends to lose 
weight 

Treatment. — Palliative measures should always be avoided and, as 
soon as possible after the hemorrhage, the wound should be explored 
and search made for tlie bleeding-pomt under a general anTsthctic and 
in a good light Very often this will be found to be the distal end of the 
vessel, but both ends must always be ligatured \Vlien the bleeding is 
from a branch near a mam trunk the parent vessel should usually be 
ligated above and below the bleeding point The wound should be 
lightly sutured or left open and packed with gauze 
Should hsmorrhage recur, a further attempt may be made to secure 
the bleeding point, but this may prove well mgh impossible In these 
circumstances the mam vessel must be tied above in healthy tissue 
As a rule, the results are good, especially in upper-limb wounds, where 
the brachial and axillary arteries are concerned 
Frequently, when secondary' h'cmorrhage occurs in compound 
fracture or large granulating wounds the actual source of the hsmo- 
rrhage cannot be determined, on account of inflammatory swelling 
Here the best results will be secured by packing strips of lint soaked in 
turpentine Urmly into the wound All old clots and dtbris must first 
be removed with a sharp spoon Excess of turpentine must be squeezed 
out of the lint and some dry stnp:7 should be laid on the surface The 
surrounding skm should be protected from the blistenng effects of the 
turpentine by vaseline gauze The stnps should be left i« situ until 
they loosen spontaneously , this occurs m four or five davs, acunously 
slimy discharge being thrown out The metliod is most effective, and 
septic wounds usually clear up wcU as a result It must bexemembered 
that in some cases amputation may be a hfe-sav’ing measure 

Rejioval or EviBoi-t erom Arteries 
Cardiac disease is the commonest source of a peripheral embolus Of 
recent years the diagnosis of embohe block has been followed increas- 
ingly by the operation of artenotomy for removal of the embolus 
The Scandinavian surgeons have taken a great part in this 
development, and m lOSb Eioar Key of Stockholm was able to state 
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that 382 ernbolcctomies had been periormed in Sweden with i \cr\ 
encouraging degree of succe^ \Mu!e in manv ca^es gangrene maj be 
a\erted it must be realized that the patients are often the victims of 
cardiac di«ease and that late deaths from that cau^e are not uncom 
mon But patients have recovered and continued in good health for 
vears even after multiple emboleclom^ Trench surgeons following 
the teacliing of Lenche hold that the impaction of the embolus cau'<-s 
wade^pread peripheral v iscular con>tnction and for that reason thev 
maintain that arterectom) is the best vva\ to deal with the condition 
In the upper limb the collateral circulation develops so satiahctonh 
that spontaneous recoverv mav usuallv be expected Antispahmodic 
drugs sometimes have a considerable effect But in elderh subjects 
gangrene mav follow and if there are no definite «igns of returning 
circulation in about G hours operation is indicated \Mien the emboIu« 
lodges in the abdominal aorta or anywhere bevond gangrene neirh 
alwavs follows and operation is imperative 

Clinical features — Tt should be realized tliat the onset is nearh 
alwa>s sudden and that the mam features are pain pallor cold with 
numbness and paresis and absence of artcml pulsation The affected 
hmb look' and feels dead 


Localization — Emboli usuallv lodge where vessels divide (Tig I'lDJ 
but secondan thrombosis mav spread from the onginal 'ite Lmboli«m 
mav be repeated and there arc manv instances where a second embolus 

^ elsewhere has followed successful embolcc 

tomv It IS important to endeavour to 
determine the site of lodgment before cut 
ting down on the vessel the site of the 
initial piin is the surest indication On 
general principles this will bt somewhat 
above the «ite of evident arrest of circu 
lation and mav be expected where tie 
vcH cIs divide The pulsation in the vev'vl 
ceises just below the impaction lut the 
\es‘o:l mav not be rcadilv acces ible for 
palpation or m inj event the pul->alion 
mav be weakened b\ the poorgeneril con 
dition of the patient ^^l3en the vcshH is 
accessible the actual embolus miv f*ilt 
and that area ma\ be acutel} tender 
Time for lutcncntion — If an attempt is 
to be made to remov c the embolus it slioulu 
be as carlv as pos'^ible The chances of 
success are verj good up to G hours but 
T,£,n<r raptdlv dimmisli aftenvards and are verv 
emboiL at t^bifureatio^of slender w 24 hours The interference must 
the caroud 5^ looked upon and managed like an icuic 

‘E*" 7 ^ abdominal emergenev 
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Technique. — Locai or spinal anaestbesia should be employed and 
great care exercised in what nia\' be an extensive dissection. The 
first indication is to expose the vessel, and Cor this purpose it is necessary 
to make a sufficiently long incision. The actual length will depend on 
the anatomical build of the individual and on the accuracy of the 
localization of the obstruction. Wlien the vessel is exposed the site 
of the embolus may be perfectly obvious, or may be in some doubt. 
In the former case a definite bulging may be noticed in the vessel and 
there may be. quite forcible pulsation which stops at this point. On 
the other hand, though pulsation may be feeble it ma}’ be readily felt 
up to the suspected area while being much less marked below. In 
these circumstances it is highly probable that the embolus is causing 
only partial blocking. When the site has been located the vessel 
must be isolated and means must be taken to control the circulation, 
either by clamps or by rubber slings. The latter are generally most 
convenient and are very efficient, but when the arterial wall is degener- 
ated it is most important that they should not be pulled on at all 
forcibl}' or it may be torn through The next step is to open the vessel 
by an incision about J in long. This is better made at the lowest 
part of the embolus or even just below it. When the lumen of the 
vessel is opened it should be gently held apart u-ith fine guide sutures ; 
while the sling on the distal side is kept in position, the proximal sling 
is carefully released in the hope that the force of the current will drive 
out the embolus. If it does not do so, then the obstruction should be 
ver)' gently milked down with the fingers towards the opening in the 
vessel. It is very much better to remove the embolus in this way 
than to introduce forceps, or anj' instrument which might damage the 
intima. Wicn the obstruction has fiecn cleared on the proximal side, 
the distal sling should be released m the hope that the return current 
may be unimpeded or may wash out any small portions of embolus 
that have been displaced from above or secondary thrombus that has 
formed beyond the embolus. It is not enough for the blood to well 
up ; 'it should spout with the normal pulsations Of course, if the 
lumen of the vessel cannot be freed by external manipulation then 
forceps or, better still, a small scoop with a blunt end may be intro- 
djicerl inbi the vessel, not so much with, the idea, of scoopiog out the 
embolus as in the hope that it may be loosened and broken up so that 
it can bo washed out by the blood stream. It is after the removal of the 
obstruction that heparin is most useful, applied locally to diminish the 
risk of anyimmediatc re-clotting. At tlie same time the blood stream 
generally may be heparinized to dimmish the risk of further emboli, 
either at the site or else'vhere (Gordon Murray, 1040). The vessel is 
closed with fine vascular silk. 

In the after care it is necessary not to constrict the limb in any way. 
It should be comfortably laid on a pillow, slightly flexed, and should 
be under close obseiA’ation. In most favourable circumstances the 
condition of normal vascularity returns immediately, but in some 
cases this ma\- be delavetl for several hours, and even in the most 
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successful cases there may be pain for tuo or three da\s Secondan 
embolus either m the penpher\ of the vessel operated upon or emboli 
m other \ essels must be looked for Cases are on record where multiple 
interventions have been followed b} success and there is no reason wh} 
the surgeon should be deterred especially since the introduction of 
hepann * 

Mortality and after results — In the S82 Scandinavaan cases 59 4 
percent ied in hospital 22 5 per cent were completeU cured, with 
restoration of the limbs and 18 3 per cent were cured after gangrene 
and amputation It is significant that of those operated upon ivithm 
10 hours 55 per cent regained normal circulation 

Embolism of the abdominal aorta presents its own problems f The 
clinical picture of lower abdominal pain referred dowm the limbs and 
followed by sudden paraplegia is very stnkmg Without operation 
the prognosis is almost hopeless Direct attack, at the site of impaction 
by transpentoneal or extrapentoneal exposure has proved too senous 
an intervention The best plan is to expose both femoral artenes 
just below Poupart’s ligament On one side the lessel is surrounded 
by a rubber sling bj which the artery can be temporanlj occluded 
preventing the passage of a dislodged clot mto the penphery On the 
opposite side (usually the left) the diac artery is exposed by the oblique 
extrapentoneal incision of Abemethy With the fingers in the extra 
pentoneal tissues an attempt is made to imlk down the embolus from 
the aorta mto the femoral of the same side From this vessel it is 
removed by direct incision Endovascular manipulations with mstni 
ments should be avoided as much as possible After the mam clot has 
been removed the opposite femoral should be examined and an\ clot 
which has been driven mto its lumen must also be removed bv direct 
mcision Movement usuallv comes back to the limbs a few hours after 
operation but it may be 24 hours or more before full sensation returns 
and several davs before pam completely disappears Occasionally 
ischamic contracture has followed 

PuLvioNARY Embolism 

It was m 1908 that the Gennan surgeon Trendelenburg desenbed 
the first operation for this condition earned out on the human being 
7it recemf’ y eirry iVajj lieeiT j o/ nTtensfit av Ah? 

tion largely due to the work of Gunnar Nystrom of Upsala In 
October, 1930, this surgeon pablishedj no fewer than ten cases in 
which he had operated, five patients sumved and of these two made 
a permanent recovery From time to' time since that date n^^cr 
suigeons hav e recorded operations but recovery is very rare In 193J 
Ivor Lewis pubhshed the first Bntish success, being the twelfth in the 
w orld s literature § The cause of the condition is still a my stery , though 
it may be significant that it seldom occurs in patients under 30 > ears 
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successful coses there mo\ be pam for two or three da\s ‘iccondirj 
embolus either in the penpherv of the \essel operated upon or embolt 
in other \es5els must be looked /or Cases ore on record where multiple 
mtcr\ cntions have 1 een followed b\ success and there is no reason win 
the surgeon should be deterred tspeciallv since the introduction of 
hepann * 

Mortalit) and after results — In the 882 Scanclinavion cases 50 1 
percent died m hospital 22 5 per cent were completeh cured with 
restoration of the limbs and 18 1 per cent were cured after gangrene 
and imputation It is significant that of those operated upon within 
10 hours 55 per cent regamed normal urculation 

Embolism of the abdominal aorta presents its ovra problems f The 
clinical picture of lower abdominal pam referred down the hmbs and 
followed b) sudden paraplegia is verj striking ^Vithout operation 
the prognosis is almost hopeless Direct attack at the site of impaction 
bj transpentoncil or c'ctripentoncal exposure has proved too senous 
in intervention The best plan is to expose both femoral arteries 
just below Poupart s ligament On one side the vessel is surrounded 
hi a rubber shng bj which the artery can be temporarily occluded 
preventing the passage of a dislodged clot into the penpherj On the 
opposite side (usually the kit) the line irterj is exposed by the oblique 
cxtrapcntoncal incision of Abcmethy ^\lth the fingers m the evtri 
pontoneil tissues in attempt is made to mdk down the embolus from 
the aorta into the femoral of the same side Trom this vessel xt is 
removed bj direct incision Endovascular manipulations with instru 
ments should be avoided is much as possible After the miin clot has 
been removed the opposite femoral should be examined and an} clot 
which has been driven into its lumen must also bt. removed b} direct 
incision Movement usuallj comes bick to the hmbs i few hours after 
operation but it maj be 24 hours or more before full sensation returns 
and several da\s before pain complclcl} disappears Occasional!} 
ischxmic contracture his followed 

PdLvioNARV Embolism 

It was in 1908 that the German surgeon Trendelenburg described 
the first operation for this condition earned out on the human being 
In recent ^ears there has beew a great, ccvwal wt voAeres-t, vx ti>A opera 
lion lirgclv due to the work of Gunnir N}.strom of Upsala In 
October J930 this surgeon published^ no fewer than ten cases m 
which he Ind operated five patients survived and of these two made 
a permanent recoverv From time to time since that date other 
surgeons hive recorded operations but recovery is very rare In 193J 
Ivor Lewis published the first Entish success being the twelfth in the 
w orld s literature § The cause of the condition is still i m} ster} though 
it mi} be significant that it seldom occurs in patients under 80 }ears 
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of age The incidence is appro^imatelj one in everj' thousand opera 
tions, mostly of the abdominal tjpe There is no method of prophj* 
laxis of proven efficiencj , but the work that is now being done on con 
tinuous hepanni7ation is full of promise (Gordon Murray and co- 
workers, 1940) Anjesthetic \omiting cough and movement probably 
dimmish the risk of the catastrophe The angelic tjpe of patient 
appears more hkel} to suffer than the querulous Since death usualJi 
takes place within ten minutes opportunity for surgical intervention 
can seldom occur To have any chance of success the nursing staff 
must be trained to recognize the catastrophe at once the special 
complete armamentarium must be readilv sterilized and in perfect 
order the surgeon must be fully trained m the technique and must 
have equally well trained assistants and they must have frequently 
rehearsed the operation togetlier * The operation will usually hav c to 
be carried out as the patient lies m bed These conditions can seldom 
obtain and it must be remembered that mistakes m diagnosis have not 
been uncommon 
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successful ca«to there rmv l>c pun for two or three da\s 'Jccondirx 
embolus either m the penpherv of the \es<cl opemteel upon or emboh 
m other ^e^ els must be looked for Cases art on record where multiple 
inters cntions ha\ c been followed bj success and there is no rei-on win 
the surpeon should be deterred cspcctallj since the introduction of 
hepann • 

Mortalitj and after results — In the 8S2 ‘^cindinaMan cases 59 4 
percent died m liO'pilal 22 5 per cent were completcU cured with 
restoration of the limbs and 18 1 per cent were cured after gangrene 
and amputation It is significant that of thoac operated upon within 
10 hours 55 jwr cent regained normal circulation 
Embolism of the abdominal aorta presents its owm problem-? f The 
clinical picture of lower abdominal pam referred down the limbs and 
followed b\ sudden paraplegia is \cr\ striking \\ithout operation 
the I rognosis is almost hopeless Direct attack at the site of impaction 
b> transpentoncal or extraptntoncal exposun. has proved loo serious 
an intervention Tlie best plan is to expose both femoral arteries 
just below Poupart s ligament On one side the vessel >s surrounded 
b\ a rubber «Img hv which the artcr> can be tcmporanlj occluded 
preventing the pas age of a dislodged clot into the penphtrj On the 
opposite side (usuallj the left) the iliac artery is c\i>o«cd b> the oblKjuc 
extrapcnloncal incision of \bcnicth> With the fingers in the extra 
pcntoncal ti'*sucs an attempt ih made to milk down the embolus from 
the aorta into the femoral of the same side Trom thi> vessel it is 
removed b\ direct incision rndovascular manipulations with mstni 
ments should I c avoided as much as possible After the mam clot has 
been removed the opposite femoral should be examined and an) clot 
which has been driven into its lumen must al-^o he removed bv direct 
incision Movement iisuallv comes back to tin. hmbs a few houP' after 
operation but it mav be 2 1 hours or more before full sensation returns 
and ‘-cvcral davs before pain complctcl) disappears Occasionallv 
ischxmic contracture has followed 

PULMOSAia Emuolism 

It was in I90y that the German surgeon Trendelenburg described 
the first operation for this condition earned out on the human being 
In recent jears there has been a great revival of interest in the opera 
tion largel) due to the work of Gunnar Nvstrom of bpsala In 
October 1930 tips surgeon published^ no fewer than ten cases in 
which he had operated five paticntssurvivcd and of the<it two made 
a permanent rccovcrv From time to' time since that date other 
•surgeons have recorded operations but recover) is ver) rare In 1939 
Ivor Lewis published the first Bntish success ^mg the twelfth in the 
w orld s literature § Tlic cau«c of tlic condition is still a rnvster) though 
It mav be significant that it seldom occurs m patients undtr 30 vears 
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of age The incidence is approximately one in everj’ thousand opera* 
tions, mostly of the abdominal tj’pe There is no method of prophy- 
laxis of proven cfiiciency, but the vvork that is now being done on con- 
tinuous heparimration is full of promise (Gordon Murray and co- 
workers, 1940) Anesthetic vomiting, cough and movement probably 
dimmish the risk of the catastrophe The angehc tjpe of patient 
appears more likelj to suffer than the querulous Since death usuallv 
takes place within ten minutes, opportumtv for surgical intervention 
can seldom occur To have an> chance of success, the nursing staff 
must be trained to recognize the catastrophe at once , the special 
complete armamentanum must be readdv sterilized and in perfect 
order the surgeon must be fully trained m the technique and must 
have equally well-trained assistants, and they must have frequentl}' 
rehearsed the operation together * The operation will usually hav e to 
be carried out as the patient lies m bed These conditions can seldom 
obtain and it must be remembered that mistakes m diagnosis have not 
been uncommon 

Technique. — As a rule the patient is unconscious and the 
question of anssthesia does not arise A vertical incision should 
be rapidl) made just to the left of the sternum, over the 
costal cartilages, from the second to the fifth In a stout 
patient an additional horizontal incision along the third or fourth 
cartilages will be very helpful The fibres of the pectoral muscle 
are divided or separated and the second to the fourth cartilages 
rapidly cleared and excised This process is commenced near the 
sternum, and, with the finger or gauze, the cellular tissue is gently 
pushed outisard m the hope of avoiding injury to the pleura The 
internal mammary artery may have to be ligatured The pericardium 
IS thus exposed and should be caught between forceps just internal to 
the phrenic nerve, drawn into the wound and opened by an incision 
about 2 m long each edge being fixed by a stitch to the skin The 
pulmonary artery and aorta are identified . it is well to remember 
that the aorta has several times been opened in mistake for the pul- 
monary artery These great vessels are then surrounded by an elastic 
ligature passed with a special earner after the model of Trendelenburg 
Wien thib ligature is gently drawn upon it brings the vessels nearer 
the surface, steadies them and controls the circulation when required 
The pulmonary artery' is opened by an incision about half an inch long 
If the embolus is at once found it may be removed by special forceps 
but if It is not eosv to reach or is broken up, a suction apparatus may 
be required As soon as the clot is removed the elastic ligature is 
relaxed, in order to demonstrate that the pulmonary vessel is clear 
When this has been done, a special clamp is used for temporary' closure 
of the incision m the artery 1 he moment closure is complete, attention 
must be directed to the heart-beat If it does not return spontaneouslv, 
it must be stimulated mechanically , and if this fails 1 c c of a 1 7,000 
solution of adrenaline should be injected into the root of the aorta 

• TrMh uartn rad-tt m kh xild Sr cmiitovcd fib«ie\rr pfasiblr 
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Artificial respiration maj also be required It is essential to realize 
that the major steps of the operation up to the closure of the pulmonarj 
artery bj the special clamp must be completed in a few mitiuSes if the 
operation is to have a chance of success Once the heart has started 
to beat the operation maj be completed m a more leisurel} fashion 
The incision m the pulmonary artery is closed with a continuous suture 
of fine paraffined silk By this time the patient maj have become 
conscious and may require some an-esthetic All vessels have to be 
careful!} caught and tied The pencardmm is closed completel} b} 
suture and the parietal structures are dealt with In man} apparenti} 
successful cases death has occurred after some hours 
In a charactenstically careful paper * which should be studied b} 
those who ma} be called upon to undertake this operation Arnold K 
Heniy comments on the difficulties which he confronted m deahng 
with three cases He makes some very helpful suggestions and gi\ es 
precise details of the steps he recommends Henry contends that the 
classical sound for passing the rubber tourniquet around the pulmonary 
arteiy is not a very satisfactory instrument and points out that the 
arter} can be readil} steadied and its circulation controlled between a 
finger passed into the sinus transversus and the thumb He also 
found that the forceps for removing the clot were clums} and unwneldl} 
and recommends a glass cannula with suction The incision he advo 
cates IS T shaped down the left border of the sternum for seven inches 
and along the second nb to the same extent Six inches of the cartilage 
and nb is removed The summaiy to his paper can be useful!} 
reproduced here Flaps are reflected widel} enough to reduce 
working depth by making a new surface at the level of the nbs The 
epigastnum is opened earl} for possible cardiac massage A\ide 
resection of the 2nd left nb gives oblique access to the pulmonan 
trunk for through the large gap the lung apex can be mobilized and 
flattened backwards within its pleural sac These parts are seen best 
when a pillow is put under the left scapula of the patient The likeness 
of the pericardial wall to thm dura helps the surgeon to find it Uirough 
any thickness of prepericardial fat Two methods of finding the 
transverse sinus are desenbed No sound or tourniquet is passed 
through it the sinus is used mcrel} in locating and stead} mg the 
pulmonary trunk The aorta is left undisturbed The pulmonary 
trunk IS separate!} controlled with the fingers it is not hooked up 
An aspirating cannula properly curved is used instead of forceps for 
removing clot The cannula requires onl} a short opening in the 
pulmonaiy trunk and when it enters the lumen hemostasis can be 
secured at once The time during which fingers occlude the lumen of 
the trunk is thus reduced to the few seconds spent in making the 
opening and passing in the cannula Bleeding from the pulmonarv 
trunk after the introduction of the cannula is prevented b} crossing 
the two hsmostats which have caught the lips of the opening m its 
wall this IS further sealed bv pressing it against the cannula A tap 
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Stops aspiration so that circulation m'i\ proceed \\hile tlie cannula is 
redirected from branch to branch ’’ 

ANEURYSM 

Arteriovenous Aneurism 

In civil practice this condition is but rarely nlet with, whereas ever}* 
great war is followed by a spate of aneur}sms of this type The 
statistics gathered from the war of 1914-1918 were closbl} studied, 
and furnished such information about the incidence, features, natural 
histor}' and management of the malady as will almost certaml} be 
repeated m the conflict now raging (1911) 
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Fig 291 — Arteno venous «ii«ufy»ni 5 {A/trr ^faktns) 

1 Anrurysoill vans 2 Arttela vrsous amvosn 3 AritrUJ tnrurysm «rith aneuryimil vnrlx 
4 Artcrlnl and arlmo vmoua uc S Artfriowpou* *'>c with ronTnon cpmn$ into anrry and vrii 
$ Artrriovmout aac «ilh avparate opcnmci tnlo artny and vein 

Mahins (" Gunshot Injuries to Blood-vessck ') examined tlie records 
of 272 cases of traumatic ancur>sm, the result of war wounds, admitted 
into the London hospitals, and found that 120 were arterial, 100 arteno- 
venous, and 52 aneurjsmal van\ 

Matas, on the other hand, believes that aneuiy smal van\ is the most 
common arterio-venous lesion, the two vessels communicating b} a 
direct fistulous opening He found that, as a rule, when an adven- 
titious sac existed it was situated either in front of or behind the \ essels 
rather than between With regard to the relation of the vessels to one 
another and to the adventitious sac (Fig 291), these authorities are in 
agreement 

It is sometimes stated tint the arteno- venous commumcations have 
a di'stmct tendenc} to contract, and that thev maj even close sponta- 
neous!} Makins recorded a case of arteno-venous ancuiysm of the 
innominate arter} and vein which, after a period of five }cars, under- 
went a spontaneous cure This tendenev to natural cure is aKo shown 
b\ animal expcnmentation, and, further, it occurs m cases where 


>10 OPERATIONS ON BLOOD VESSELS 

arteno \enous anastomo es ha\e been earned out for senile gangrene 
In the well-established condition which usuallj comes before the 
surgeon natural cure is most unhkeh and I ha\e certainly ne%er 
«een it The condition maj be expected to get steadih worse and 
when large \essels are involved the heart graduallv becomes decom 
pensated and there maj be tachvcardia and dvspncea on the slightest 
exertion Holman (1937 9) has drawm special attention to this aspect 
In \erj earlj cases where there is hope of spontaneous cure the area 
maj be supported bj an elastic bandage while all exertion is avoided 
Surgical treatment will usuallj be necessaij on account of (1) pain 
(2) buzzing noises as when the lesion is in the neck (3) obstruction 
to the peripheral venous circulation (4) increase in the local distension 
of the vein (o) disturbancesof the e>em internal carotid and cavernous 
sinus cases (6) cerebral svTnptoms in carotid jugular communications 
(7) increase in size with achmg and disabilitv or (8) evudence of cardiac 
dilatation and embarrassment 

Arteno-v enous aneurisms occur most frequenth in the carotid 
femoral pophteal axiUarj and tibial vessels 

Treatment — Each case requires careful studv and consideration 
Bj wav of preparation a penod of absolute rest m bed is essential 
and m bad cases tu o or three w eeks will be required The great danger 
of hiemorrhage should be fullj realized before anj operation is under 
taken and complete command of the arterial circulation is essential 
If an efficient tourniquet can be applied without encroaching on the 
operative field this will usually suffice but when there is great venous 
engorgement both a proximal and distal tourniquet should & employed 
In other ciraimstances the mjin supphingvesseU must be deliberately 
exposed on either side of the aneurvsm so that temporarv ligatures 
can be applied 

\Miere the aneury'Sm is large and the collateral circulation well 
developed the mam trunk must be temporanlv secured at a point 
above the origin of the principal collater^ branches For instance 
in high femori or inguinal aneurysm the common ihac must be con 
trolled and this will require an abdominal approach In axillary 
aneury sm the third or ev en the first part of the subclavian will require 
temporary bgature 

The operabons arailable — Simple proximal hgature of the artery 
Is never permissible for it is almost invariably followed by gangrene 
In these circumstances the blood which fin^ its vsav through the 
collateral vessels returns to the trunk na the commumcation in the 
vein so that the penphery is short-circuited and vascular starvation 
results 

The following methods are recommended — 

1 Reconstruction — endo-aneury smorrhaphy 

2 Quadruple hgature of artery and vein 

3 Excision 
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\\niiche%er operation is earned out it is incomplete unless, the com- 
munication between the arterial and \enoii<» sj stems is eliminated In 
all peripheral arterio-venous aneurisms of moderate size excision or 
quadruple ligature is efTicient Wien tlie great vesseU near the trunk 
are involved the reconstruction method is most desirable, but in just 
these cases are the difficulties greatest, and the surgeon is often glad 
if he can safeh terminate the operation b\ multiple ligatures or 
excision 

Endo aneurysmorrhaphy — ^This method, which ma) be described as 



closmi; arteno-Tcnous fistula. Fuiuiou* ppmitm dosed 

Incision in vein «i»h srpiralc s iliire* thpt»D<h 
fistulous opening 

the Matas-Bickliam operation, dates back to 190 1, and has since been 
more fiill> described and strongly advocated by Msitas m numerous 
communications to the literature One of lus Csarlicr papers* records 
Ins experience of 12 arteno venous injunes treated b\ it with a \er) 
large measure of success, and well indicates the scope of the measures 
he recommends Of the cases, 1 mvoUed the common carotid artcr}* 
and internal jugular xein 1 the external iliac %cssel3, 8 the common 
and superficial femoral \esscU, 1 the peroneal, and 1 the subclavian 

• Svrr,CrM.(»<<f.U4) 1920 XT> 4$d 
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artcr\ and \cin Tliese ca><s were all treated b\ opening tlie Ncnoii-. 
sac and suturing the onfict or orifices of communication In \ancosc 
aneur\sm the approach to the opening was tlirough the ^al^e sac, and 
m aneurj-smal \an.\ through tlie dilated \ein (Fig 292) 

This intravenous and intrasaccular suture is the ideal method of 
dealing with aneurj’smal vanx and arteno-v enous aneurj-sms, as it 
presen es the circulation as far as possible It i!> undemablv a somewhat 
difficult operation and, as Rutherford Monson pomted out, s^ar 
formation mav interfere with the exposure of the vessels ncces&arj 
to control the circulation during the operation 

In endo aneun smorrhaphv for aneurvsmal vanx, the particular 
method b\ which the v ein is to be treated can be determined onlv bv 

the condition found at 
the operation The ideal 
plan is that which aim>> 
at thepre«er\'ation of both 
ves-elb, more especiallv in 
the neck , but if the arterv 
can onl} be sutured at the 
expense of the vein this 
«hould be done Part of 
the vem can tlien be used 
to reinforce the line of 
suture like a patch (Fig 
293) 

Matas dcscnbmg the 
technique of closure of 
the arteno-venous fistula 
through the vcm, lavs 
stress on the importance 
of avoiding mjurv to the endothelial lining He emplovs warm saline 
to v'Oiih the fistulous opening clear of blood and spravs the wound 
with liquid vaseline to prevent coagulation while exploring the 
intenor of the vein and he careful to avoid sponging on account 
of the nsk of damage to the intima In the future hepann mav 
be expected to prove most helpful 

fechmo^ue — Tlic steps of the overaUQn are f,l\ Rxpcoure of both 
vessels bv a long incision and their isolation above and below the 
communication (2) Occlusion of the vessels above and below with 
vascular clamps or rubber slings (3) Removal of the sac, bj careful 
dissection in arteno-venous aneurism, and m both vessels exposure 
of the aperture of communication (4) Repair of the holes m each 
vessel bv suture 

In carrving out this suture the needle is first passed through the 
fibrous tissue which binds the arterj and vein together at one end of 
the fistulous opening and on the adventitial aspect of the vessels can. 
being taken to avoid penetration of the intima of either vessek The 
knot IS tied «o that it remains outside the lumen of both arterj and 



Fig 393 — Shewiogtrlcfy sutured cndTemdiSseeted 
oR in Matas Btckham method leaving lisp to cover 
fistulous opening 
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vein The suture is then passed obliquely from without through the 
vein wall close to one end of the opening, the extreme edges of which 
are brought together by a fine continuous suture passed through the 
intima and media until the other end of the opening is reached, when 
the suture is brought out and secured m the fibrous adventitious 
structures as at the commencement (Fig 294 ) The continuous 
suture is thus within the intenor of the vessels but the knots are 
outside Should the dilated vein have developed into a definite sac, 
it maj be necessary to remove it. 
when the opening in the artery ma> 
be closed through the space thus 
made But this is unusual, as a 
simple dilatation of the vein is much 
more common If this method can 
not be readily carried out the \ein 
and artery may be deliberately 
separated and the aperture in each 
closed from the outside In some 
few cases it has been possible to 
ligature off the communication The 
next step is to remove the tourniquet 
or cautiously loosen the temporary' 
ligatures Very often there is 
considerable bleeding from small 
branches which have been un- 
observed or from hidden communi 
cations Such haimorrhage may be 
alarming and the tourniquet or tern 
porary ligature may have to be 
tightened again Wien all vessels 
have been caught and the field is 
quite dry the wound may be closed 
Dramage should be avoided 

Ligature of both arterj and vein pig 2,4 -Mates B.tkham opsrat.on, 
on the proximal and distal side of with preservation of both vessels 
— vs lea’nng no knots in lumen of vein 

operation most commonly employed 

It IS simple but is said to be attended by considerable nsk of 
gangrene in the extremities This fact alone is a strong argument 
in favour of the more modern method just desenbed which indeed is 
ideal The more long-standing the condition, the better the collateral 
circulation will be, and the less the nsk of gangrene 

In performing the quadruple ligature operation it is important to 
secure as many of the collateral vessels connected with the sac as 
possible, as these may gradually enlarge and interfere with the 
permanency of the cure If ligature must be used, rather than rccon 
stniction, the best plan is to combine it with excision of the affected 
parts of the vessels 
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In arteno-venous aneurism of the neck (communication between 
the carotid and internal jugular ^eln), c\er 5 effort should be made to 
carrj out reconstruction, because of the importance of the cerebral 
circulation \Mien it is necessary to ligature the carotid the internal 
jugular vein should also be occluded, whether wounded or not, as this 
lessens the risk of brain disturbance after ligature of the artery 

In conjunction wath ligature, excision of the sac, or \an\, mav be 
considered as a safeguard against poseible recurrence , but these pro 
cedures can onI> be recommended when the operation of aneur 
ysmorrhaph) is impracticable and when the collateral circulation has 
been found sufficient, as far as it is possible to test the point 

Each case must be carefully studied and dealt with according to the 
indications and the conditions found It must be recognized that in 
actual practice an operation commenced with the full intention of 
conservative reconstruction often ends m one of multiple ligature 
probabh combined with excision 

Arterial Anfurvsm 

Before intervention every aneuty'sm requires close observation and 
stodj The condition when non-traumatic, is often assoented with 
general arterial degeneration, and not infrequcntl) more than one 
aneiirv sm is present For instance, a penpheral aneuiy sm may be the 
cause of the obvious symptoms and signs, but a co>eMstent aortic 
aneurjsm maj be tlie greater menace to life The general condition, 
especially with regard to syphilis, the state of the vessels and of the 
circulation in the affected part, may all have an important bearing 
on the management Sudden changes often mean thrombosis m the 
sac and ma> herald gangrene In peripheral aneurism leakage is 
more likely than sudden nipture Aneurisms of the limbs, near Uie 
trunk, or in the chest or abdominal cavities, each demand different 
tjpes of interv’ention In many cases opcrativ'c interference is 
associated with great risk but aneurysm is a serious and progressive 
disease which is fatal sooner or later 

Ihe methods of treatment av.iilablc are mamlv excision, ligature, 
or some tvpe of endo aneurvsmorrhaphv m which the aim is to recon- 
struct the affected arterj or to obliterate the sac without the risks 
uaAb. Iw wvUv wwiwcvsxwfv 

CTcisioH has been verv successful and is the operation most generally 
employed in Britain I have used it for iliac, femoral, popliteil, 
axillary brachial and carotid aneurjsm with complete success For 
aneuiysms of the smaller accessible vessels it is alwa}s the method of 
choice It IS perfectlj true that there is some risk of gangrene, and 
that patients sometimes complain of slight weakness of the limb after 
interruption of the mam blootl supplj , it is to dimmish these n^ks 
that some surgeons ftel it a diitj to attempt reconstructiv e ojvcrations 
Ligature is one of the oldest metlioiU and still commands a place in 
modem practice Tlie ligature raav either be applied just above the 
aneurjsm, as was advocated b\ And in 1710, or at a distance on the 
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proximal side as introduced by John Hunter m 1785 (I i^ 2^.') 
Three advantages are claimed for the latter method the \es^cI can 
be approached where it is not distorted by the sac. is more likely to 
be healthy, and there is an intervening set of collateral branches whose 
presence will ensure that the circulation through the sac is slowed 
and'diminished though not immediately arrested As 
a result, the clot which forms is firmer and more 
likely to become safely consolidated Ligature of the 
femoral artery in Hunter’s canal for popliteal aneur 
ysm has proved most successful For the inex- 
perienced surgeon the hgature will certainly be safer 
than excision In certain situations, and notably 
for aneurysm of the innominate and carotid arteries, 
the immediate proximal ligature (Anel) is the only 
type av atlable In these cases it may be w ise to com 
bine this with distal ligature to guard against recur- 
rence of pulsation by means of collateral channels 
Distal ligature alone has been emplo>ed when an 
approach to the proximal artery has not been possible --Pronmai 

Thcideaistodiminishordiscouragethe flow through ^ immoTuu 
the sac but there is the risk that there may be ^ 
consequent abnormal dilatation on the cardiac side 
from the dammed up circulation 

Lndo-ancurysmorrhafihy, devised b> Matas of New Orleans in 1888, 
consists essentially of a direct intrasaccular attack with the object of 
either completclj obli terating the aneurj sm from within or obliterating 
the sac through leaving the vessel intact The underlying idea is to 
bnng about cure with the least disturbance of tlie collateral circulation 
and of the parts about the sac Tlie method is technically more 
difficult than excision It has been extensnely practised in Amenca 
with much success Writing m 1039, Homans of Boston, one of the 
most reliable of surgeons, stated “ For aneurysms of the great \essels, 
the obliterative aneurysmorrhaphy of Matas is most likely to succeed 
and produce a permanent cure ” In British practice the method has 
certainly not displaced the more straightfonvard excision 

Compression of the main supplying vessel has been entirely superseded 
as a sole treatment, but may be a valuable adjunct when there is recur- 
rent pulsation after ligature It is also a method of encouraging the 
development of the collateral circulation before surgical interference , 
for this it may be combined with the use of the Pax ex machine 

The choice of method . — Excision proxades permanent cure for, once 
satisfactorily concluded, there can be no recurrence of the aneurysm 
at that site It may be a difficult operation fraught with nsk to 
surrounding parts Before it can be undertaken the circulation through 
the sac must be under complete control In some situations the 
exposure may present anatomical difficulties but the surgeon must 
remember that it is not essential to be hidebound by the traditional 
approach to great vessels In practice tlie ojieration has been xcry 
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sitishclon ind tlierc has liecn no greater nsk of gangrene than with 
ligature / t^itliire does not proaidc seciintj from recurrence and the 
sac IS exposed to secondary dianges avhich maj be senous As a rule 
the operation is \er> simple and can often be earned out under local 
anTsthesia If it fads the sac can be excised as a secondary inter 
xcntion or it can be dealt with incision turning out the contents 
and packing Aftetmstnorrhaphy has the advantage that only one face 
of the sac need be exposed and that the operation can be completed 
without disturbance of the surrounding parts But it is techmcall} 
difficult In the hands of Matas and other Amencan surgeons it has 
proved verj successful In actual practice most cases of peripheral 
aneurysm can be safelj treated hy excision or ligature 

Technique — Before interfering with the circulation of a limb bj 
operation the collateral circulation should be investigated b) certain 
tests The collateral circulation is efficient if (i) the periphcrdl pulse 
distal to the aneurvsm is absent but Ihc limb is of good colour and 
nutntion (ii) if when the vessel is vompressed just above the 
aneurvsm (a) the good colour is maintained or (6) the oscillometer 
reveals pulsation of anj degree W Scott Lang in J887 described a 
simple flushing lest which depended on the appearance of the ros) 
blush which immediatcl) follows the removal of a tourniquet from the 
exsanguinated limb in the presence of a sufficient circulation (Hogarth 
Pnngle) Matas in 1907 suggested a further method applicable to 
lesions of the limb The limb below the lesion — a popliteal aneurism 
for example — is rendered bloodless b> the application of a Martin s 
bandage from the toes up to the sac A specialK devased tourniquet 
that compresses the artcrj alone is then applied just above the sac 
and care taken to arrest the puliation entirclv The devasculanzing 
bandage is allowed to remain for five to ten minutes according to the 
age of the patient — the older the patient the shorter the penod it is 
then removed leaving the arter> occluded If the anastomotic circula 
tion IS satis(actor> a blush rapidly descends almost to the toes but 
not infrequently is arrested for a short time a few inches below 
the point at which the arterj is occluded degrees however the 
e^^dence of returning peripheral circulation maj be observed until the 
extremitj of the limb i!> reached though it ma^ take several minutes 

The particular operation must naturally depend upon the situation 
of the aneurjsm its size and form and also upion the nature of the 
sac wall and the efficiencj of the collateral circulation The ideal 
opcraliv c interference would aim to preserv e the circulation through the 
after) affecteil b\ Matas s tndo aoeuiysmorrhaplu but cases of 
aneurism that arc suitable for treatment b> this procedure are uri 
common 

Preparation for operation — For all disabling aneurysms and in 
clderl) peopit. a period of rest in bed is essential Tlie skin of the 
whole limb should be prepared great cart being taken with the foot 
LstialU there is no contra indicatiofi to general anxsthesia but spinal 
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anesthesia may suffice Local anasthcsia should not be used except 
for the very small and easily exposed aneurysms The control of the 
circulation is mOst important but the mam considerations have already 
been set out {see pp 482 ei srj) Wliether for ligature or for local 
interference, the position of the limb should be carefully considered, 
for the surgeon must not be hampered in any way For popliteal and 
calf anemysms the patient should be turned face downwards and for 
those about the root of the neck the shoulders should be well elevated 
and the arm pulled firmly down by the side For axillary aneurysm 
the body should be almost over the edge of the table or the patient 
should lie on the opposite side witli the arm of the affected side 
suspended from a mast When excision is to be undertaken incisions 
must be ample good and unimpeded exposure is the key to success 

Excision of the sac — The sac is treated like a non-malignant tumour 
and ^nucleated from its surroundings Ample exposure is essential and 
the whole extent of the sac must be defined so that the mam v essels 
can be readilj seen The sac may be separated by gauze stripping, 
or by the finger or knife or scissors may be necessary* Special care 
must be taken to avoid injury to nerves and other important structures 
that ma> be adherent Arterial branches arc carefully ligatured outside 
the sac as they are exposed If possible, the sac should be excised 
without opening, but this may be out of the question becau>e of its 
bulk or fragility Sometimes the operation is facilitated by opening, 
clearing and packing the sac with gauze Parts of its w all may ev en 
have to be left adherent to important structures During the dissection 
the surgeon will have a good opportunity to tie the mam artery at its 
entrance to and exit from the sac 

After removal of the sac care must be taken to tie all vessels artcrnl 
and venpus and a close search must be made for open mouths or 
retracted vessel ends 1 he vessel clamp or tourniquet should then be 
cautiously released, for tins often reveals an unexpected bleeding-point 

The associated vein may be readily identified, or it may be spread 
out like a ribbon over tlie sac m which case it is more easily exposed 
near the origin of the sac It must be caught and tied before being 
divided 

Excision of the sac usually produces cure, but the operation may 
present difficulties someofwhidimaybe av'oided by the mtrasaccular 
method , or the surgeon may* have to be content with partial excision 

The danger of gangrene must never be forgotten and the closest 
attention should be given to the circulation throughout the limb The 
collateral circulation should be investigated before or during the 
operation, and the age and general condition of the patient taken into 
consideration Wien the collateral circulation is doubtful or manifestly 
inefficient, the blood supply may be preserved by direct suture of the 
ends of the divided artery , or by the venous graft method of Hogarth 
Pnngle (p 490) , or by Tufficr s tubes (p 497) All these dev ices aim 
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at keeping the mam channel open until the collateral circulation has 
become 'established 

Ligature —The main points about mmmediate proximal ligature 
(Hunterian) haxe already been dealt with (pp 498 el seq) If it is 
decided to apply the ligature immediately on the proximal side (Anel) 
the surgeon must remember tliat the x essel maj be displaced from its 
accustomed position by the aneurysm which is often fnable and the 
greatest care must be taken not to rupture its wall in the attempt to 
expose the mam ^ essel An operation commenced w ith the intention 
of applying a proximal hgature \ ery often ends as an excision and prob- 
abh with the best pbssible result After unmediate proximal hgature 
pulsation in the sac though greatly diminished may only slowlj 
disappear and the aneurysm may become more prominent for a time 
Complete failure to cure or recurrence are not unknown When the 
aneurysm is so situated that excision is feasible this can probabli be 
performed as a secondary intervention with less diRicultv than if the 
artery had not been tied In other circumstances compression may 
help or the vessel may be re ligatured at another place or distal 
ligatures may have to be tried. 

It may be said that it was failure to obtain a permanent cure of the 
aneurysm by double ligature that Jed to complete excision of the sac 
The fact remains that many cases are cured by the simple proximal 
ligature after the Hunterian plan This is the simplest method and 
should be used in all elderly or debihtated subjects but it ought to be 
combined with ligature of the vein 

Aneurysmorrhaphy — There are three methods the obliterative the 
restorative and the reconstructive 

(1) OlUleratnecndo aueurysmorrhaphy — ^This method is used in place 
of excision in order to interfere as little as possible with the surrounding 
structures and thus to preserve the collateral circulation It consists 
in layung open the sac b\ a free longitudinal mcision after the temporarv 
but secure and complete arrest of the circulation on both the proximal 
and distal sides The clot is then removed and tlie mtenor dried The 
mam step is the occlusion by suture of the onfices of vessels com 
mumcating with the sac and its obLteration by supenmposed tiers 
of suture 

In obliterating the onfices of the small communicating vessels 
sutures of sdk or chromic catgut on a curved needle without cutting 
edges are employ ed The sac is closed bv suture commencing at the 
deeper portion which bnngs together the lateral walls m the middle 
bne (Fig 29 Ga ) Several tiers of continuous or interrupted sutures 
are thus applied until the mam artenal onfices and entire sac are 
obUterated The skin flaps which are adherent to the pen aneurvsmal 
structures are then closed completely b\ interrupted sutures 

(2) Restoralnc endo anatrysmorrhaph \ — ^This operation is only 
applicable to sacculated aneurysms where the communication between 
the sac and the mam vessel is small and well defined and the artenal 
wall Is comparativelv sound 
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Complete hfemostasis is secured by a reliable tourniquet Tlie sac 
IS freely opened, all loose clots are washed out, and the communication 
leading to the mam trunk is closed by a continuous suture of fine 
chromic catgut or silk, passed through all coats of the vessel \s all (Fig 
29()B ) The remainder of the sac is then obliterated by bringing its 
surfaces together, as m the obliterative method 
^^^ere the opening of communication between the aneuiysmil sac 
and the artery is large the greater part of the sac may be cut anay. 


Fig Z96A — Oblit«rati»e endo- Fig 296E — RestoratiTc endo- 

aneurysmorrhaphy aneurysmorrhaphjr 

at Jirculaw 1 »neuTy*Jii thowinc tht 1 
oi Bomm inlcuton W1115 by a eon 

»ulur«ntei<horfire roII<mnlby»r{wratF»a(um tn««ousjuturB without olUlmiloi, itiiift tr 1 k— a 

ol ealgiil ra/e proc«l ift 

Non — The^e liluittat nos are of neensHy diaerarnnutlc Kubber »1 URt to eontrol the vrssels are b-ller 
than elampt 


leaving just enough of its base to close in the vessel the object being 
to preserve its lumen as far as possible Tliere is, ho\s ev er, considerable 
risk of clotting at the line of suture, and the thrombus may extend 
into the trunk of the artery 

(3) Rccousfrucine eni/O'aficurysvtorr/tafi/iy — Though theoreticaUj 
ideal this operation can rarely be performed, and is practically limited 
to fusiform aneurysms ^\lth firm and elastic walls, in which the two 
openings of the mam channel he close to one another, on the same level, 
and with an easily accessible sac 

Tire sac is laid open as before, and a soft, sterile vaselined mdn- 
rubber catheter passed ujwanls and downwanis into the lumen of the 
vessel and a new channel is reconstmcled over it from the sac walls 
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The first la\er of sutures should be interrupted, the catheter bemg 
removed before tjnng the last suture The remainder of the sac is then 
obliterated by lou s of sutures, as already described In this, as in the 
preiious operation, hepann wall help to dimmish the nsk of intra- 
\ ascular clotting 

In all these operations there is usually free oozmg from the suture- 
line as soon as the tourniquet is released but it almost in\’anabl> 
ceases spontaneously in a feu moments 

After care. — Dressings should be \erj lightly applied and there must 
be no constriction lest the developing circulation is impeded The 
hmb should be slightly flexed and laid comfortably on a soft piUou 
or a water cushion The position should be changed from time to 
time in order to \aty the pressure of its own weight It must be 
protected from chill by a co\ enng of cotton w ool a light blanket or a 
shawl The returning circulation soon becomes evident and all danger 
of gangrene 'should be over by the end of a week When return of 
circulation is slow intermittent u«e of dry heat or the Pavex machine 
may' be helpful If the skin is a good colour and the parts are warm 
the absence of a palpable penpheral pulse is of no moment 
Results. — In the absence of complications at the tune of operation 
the immediate results are good Gangrene and secondary hemorrhage 
are the greatest risks Matas* quotes an o\ erall mortality of 4 § per 
cent In 8 5 per cent of the cases some degree of gangrene developed 
and in 1 6 per cent secondary hxmorrbage Relapse of the aneurysm 
occurred m only 1 per cent As in other conditions where there is 
general arterial degeneration some IatedeatlL» from embolism, coronary 
thrombosis and cerebral luemorrhage must be expected 

Aortic Axeurisji 

Thoracic and abdominal. — G H Colt, by labonous and sustamed 
investigation into the natural history of this condition, has been able 
to show that m spite of proper medical management the average 
duration of life is onlv about 18 months f The cases reviewed were 
drawn from the labounng classes, but even among more sheltered lives 
expectation of life is probablv not more than three v ears Such 
figuTts stipjAy some pastificatKm ior ☆e attempts VrYnch have ’oeen 
tentatively made over a number of v ears to treat these cases by the 
introduction of wire into the sac m the hope of bringing about cure by 
clotting and consohdation The nsk of embolism has often been urged 
agamat this method but Colt s clft>e scrutiny of all the published cases 
does not support this fear Wirmg for aneury sm was first suggested by 
Moore, but it u> only 'since Colt mvented an mgemous apparatus for the 
precise introduction of the wire that the plan has become practicable X 
By means of this apparatus sev eral feet of wire can be deliv ered info the 
sac m such a wav that it opens up like an umbrella A trial of this 

• Anna I <>/ Surffry Vovrmber IWO csu 89S 
1 Qvarttr}y Jouiiui of >u, Sprii. )»*7 xx 331 
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method beems justifted in cases of uncomplicated aneurssm \ihen 
adequate medical management over a period of two months has failed 
to relieve the symptoms, especnllj pam and obvious increase in sire 
The method has been used almost exclusively m thoracic and abdominal 
cases, but there is no reason why it should not be employ ed m aneurysms 
near the trunk where other methods of operative interference cannot 
be employ ed 

Results have been encouraging and in many cases life has been 
prolonged and made more bearable * In abdominal cases some 
striking cures have been recorded, patients surviving in good health 
for 17^, lOi and G years The primary mortality has naturally been 
high, and many late deaths have occurred from rupture of the aneurysm 
and from recurrence, but in any event the disease is desperate and 
distressing and for the most part the treatment has only been earned 
out late in the disease Colt asserts that “ the best chance to cure by 
wiring IS when the patient is m good general health and the aneurysm 
and the interior of the sac smooth and regular ” 

Preparation — ^A preUmmary periGd of rest m bed is essential The 
diet should be liberal with plenty of fluid Abundant milk will supply 
the additional calcium necessary 

Technique —The special instrument consists of trochar, cannula, 
container for the w ire wisp and ramrod (Fig 207 ) The steel w ire 
wisps are made in two sizes yielding different surface areas It is of 
the first importance that the surgeon should see that the apparatus 
IS complete and m good w orking order, and he must familiarize himself 
thoroughly with it before essaying the operation The greatest care 
must be taken to guard against infection In thoracic cases the skm 
IS incised to dimmish the risk of carrying infection into the sac In 
most cases there was either an evternal swelling or exidence that the 
‘sac had reached the panetes in front or behind In one case the 
aneurysm was exposed and treated after thoracotomy (Finch) In 
abdominal aneurysms the abdomen should be opened at a convenient 
spot nearest the maximum prominence of the tumour Adherent 
viscera should be separated, or omentum with big vessels turned aside, 
so that the trochar may be inserted without risk of injury to these 
structures Tfie trochar is not plunged into the aneurysm but is 
steadily pushed through its wall If firm clot is encountered, the 
direction of the instrument should be altered to pass by tlie side of the 
clot into the interior of the sac where the blood is freely circulating 
This IS tested by removing the trochar, when the blood should spout 
from the cannula . tJie wire must never be introduced unless this 
occurs The cartridge containing the wire u> fitted to the cannula and 
the ramrod is used to push its contained wisp through the cannula 
into the sac. where it expands This step also must be done slowly and 
deliberately When thew isp is safely delivered, the cannula is w tthdrawn 
As a nilc the puncture contracts and there is no bleeding Never- 

•Colt SM prmtiJCire^HtrVt, m? exfiv 49J 
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theless, some operators have taken the precaution of surrounding the 
site of the proposed puncture with a loose purse-string suture whicli is 
tied after removal of the instrument. If oozing persists uhen the 
precautionary purse stnng has not been applied, one or tw o interrupted 



Fig 297 — G' H Colt's apparatus for wiring aneurysm. 


sutures of fine catgut or silk in the adventitia uill draw the parts 
together and arrest the flou The disposition of the uire and sub- 
sequent change in the size of the aneur^’sm can be determined by 
X-ray examination When pulsation has not ceased or pain is un- 
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relieved the operation may sometimes be repeated with success 
Wisdom dictates a period of r^t after the operation with a generous 
diet and plenty of mili. and if indicated anti-sjpbihtic remedies 
The addition of electrolysis has not improved the results 
Complications — Contrary to expectation subsequent leaking at the 
site of the puncture has not been a cause of anxiety In the abdominal 
cases acute dilatation of the stomach about the ninth daj has been 
rather frequent If anticipated promptly diagnosed and treated bj 
immediate use of the stomach tube it ought not to be fatal 
Another method of relief for thoracic aneurysm is sternal decom- 
pression The sternum is divided or split from the notch w ell into 
the body and the halves are forced aside by a bone wedge Patients 
are said to have obtained comparati\elv long penods of relief as the 
result of this intervention 

There has recently been a revival of interest m the treatment of 
aneurysm of the abdominal aorta bv ligature or aneurysmorrhaphy 
Those interested should read the fascinating papers by Flkm Bigger 
and Matas * 

Rupture or suppuration of a penphcral aneurysm, or impending 
gangrene usually demand amputation of the limb but it may be worth 
while to try simultaneous ligature of the artery and vein with incision 
of the sac Bleeding from the sac may be treated after ligature of 
the artery by laying it freely openandpackmg the cavity very carefully 
with strands of imt wrung out of turpentine {p 509) 

Cirsoid aneurysm —This condition is best treated by complete 
excision wherever its situation allows It is most important to make 
the incisions half an inch from the edge of the aneurysm so tint the 
supplying vessels can be caught where their tninks are well defined 
\Miere this metliod is impracticable all the supplying vessels should 
be tied It is not always possible to identify the individual vessels 
and sometimes masses of tissue must be included m the ligatures 
Even after heroic efforts to control the blood supply some pulsation 
may persist In these circumstances direct incisions into the p^rt w ith 
the coagulating diathermy apparatus may complete the cure 

PERIARTERIAE SVMPATHEGTOlSn 
This operation has been frequently performed during recent years 
but IS now being largely superscdctl by operations directed to the 
trunk of the sympathetic or its ganglia (\ol II) However it may 
sometimes be required it has the advantage that it is simple and easy 
to carry out and if not successful does not in any way interfere with 
the subsequent performance of one pf the other operations mentioned 
It IS usually earned out on the large trunks such as the femoral or 
axillary or brachial arteries and can readily be completed under local 
infiltration anxsthcsia Its object is to remove the adventitia of the 

* Annah o< Survery ( c Xovmbcr |94U ciU Xu S 89S 



OPERATIONS ON BLOOD-VESSELS 

arter>’ o\er an area of about 1| m of its wall To do tins with the 
least amount of trauma, it is wise to make an ample incision dircctlj 
o\er the arter>’ so that the surgeon will not be hampered in the deeper 
part of the wound Absolute hxmostasis is essential, and all \essels 
should be divided between arterv' forceps Wien the mam tnink of the 
arterj is reached small v eins will often be found passing ov er its surface 
between the icna comilantcz or passing to the mam vein If it is 
impossible to avoid these, they should be divided and tied Tmj 
artenal branches from, the mam trunk may interfere w ith the stnppmg 
process and must then be divided and tied, care being taken to do this 
a little distance from their origin If they do happen to be tom flush 
with the artery, bleeding is smart for a moment or two, but it soon 
stops spontaneously or if assisted by pressure If it does not, a fine 
stitch should be introduced at the site of the bleeding Tlie artery 
having been exposed over the necessary length, the adventitia is 
rendered prominent by injecting it with a little normal saline which 
raises it from the artery in a continuous wheal Demonstrated in this 
way. It can be caught with fine-toothed forceps and clipped away with 
scissors Die process of separation may be assisted by blunt dissection 
with gauze swabs It is necessary to ensure that the adventitia is 
removed from the whole of the circumference of the arterj If it is 
difficult to carrj' out this stnppmg. or as an alternative, the adventitia 
raa\ be injected with absolute alcoliol as adv ised b\ Sampson Hancilcx 
To make this effective not less than an inch must be injected, and it 
must be all round the vessel as m the stripping operation It may be 
earned out conveniently with a hjiiodcrmic needle bent to a nght 
angle in a spmt flame , 15 to 20 minims of alcohol will be required 
In either case the arterj should contract locallv after the process. 
effectually completed The S 9 ft parts are then allowed to fall together 
and the deep fascia and skin arc carefully sutured 

BLOOD-TRANSFUSION 

Blood-transfusion has now become an everjdaj’ therapeutic pro- 
cedure. and has an established place m both medical and surgical 
treatment Its technical diflicolties have been verj largely overcome 
and It IS a routine m everyliospital.'but, valuable as it maj^bc, it lends 
to be overdone, and should never be used without due consideration 

Without doubt its greatest field of usefulness is to supplj blood in 
cases of severe hamorrhage and to counteract the evil effects of blood 
loss It IS also valuable for its lixmostatic eflcct 

It is ideal to transfuse with fresh whole blood, but blood may be 
used with success after being stored, under suitable conditions, for as 
long as 10 to 14 dajs The use of cadaver blood is never Iikclj to 
become general in this country Modified blood that is blood treated 
with some anti-coagulant such as sodium citrate, is verj generallj' 
emplojed and has proved very salisfactorj In the present conflict 
a great deal of research on the problems of blood-transfusion has been 
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undertaken and much is being discovered that ma) turn out to be of 
great practical impmtance At the moment of anting it is safe to 
state that whole fresh blood will fulfil every indication for which 
transfusion ma> be required It is by far the best restorative m 
hfemorrhage Blood serum is valuable where there has been great 
loss of fluid, m shock, and in bums Dned blood is being tned for its 
convenience of storage and transport 
General remarks.— Wliatever method is being used careful 
observation should be kept of the blood pressure and pulse during 
and after transfusion as these records supply data by which the 
progress of the patient can be determined In missive blood loss the 
best guide to the patient s condition is the blood pressure and, in 
chronic hamorrhage the haemoglobin index 

In performing blood transfusion for h'emoirhage where immediate 
operation i§ necessary a tourniquet should always be applied to a 
wounded limb or bleeding elsewhere controlled before the transfusion 
IS commenced, otherwise the sudden raising of the blood pressure is 
apt to re start the bleeding 

In serious intra-abdominal hemorrhage it is a useful rule never to 
begin transfusion until just before the operation so that the bleeding 
point can be dealt with as soon as the abdomen is opened This 
practice was adopted during the War (I911-J8) m consequence of 
certain unfortunate expenences in which the patient rapidly weakened 
and died a short time after transfusion 
It must not be forgotten that blood-transfusion is not without risk, 
and that sudden death may occur even w hen cv ery care and precaution 
have been exercised 

Grouping and matching — It is important to remember that the serum 
of the patient must not agglutinate or h-emolyse the red cells of the 
donor, though whether or not the donor’s scrum alters the red cells of 
the recipient is a secondary matter and indeed is unlikely on account 
of the degree of dilution But several workers have recently called 
attention to the possibiht) of the cells of the patient being agglutinated 
and hamolj sed bj the serum of the donor in the presence of relative 
degrees of circulatory stasis such as may obtain in a state of severe 
collapse, and as a result oS the presence oi a disproportionately large 
concentration of the donor s scrum in the part of the circulation near 
to the site of transfusion 

If an incompatible blood is used severe symptoms may arise, such 
as cyanosis, rapid respiration, rigors, pam m the back, rise in tempera- 
ture and pulse-rate and hiemoglobinurta Cases have ended fatallv 
within a few hours of the transfusion 

In thesedays there is no excuse for risking the transfusion of incom- 
patible blood in hospital practice most pitients arc grouped and 
suitable blood may be reidily obtained from a blood hank or an 
accredited donor But even so the suitability of the blood «.houUl 
always be confirmed by direct matclimg and m circumstances wliere 
the blood group cannot be ascertained this method alone is reliable 
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A simple method of dtreU matching is to take 2 or 3 c c of blood 
from the recipient and alloiv it to clot, or to separate the serum m a 
centnfuge To a drop of this scrum is added a small drop of blood 
taken from the donor s ear and susjwnded in 1 05 per cent citrate 
solution If any agglutination is found, the blood is rejected If 
this test IS negative, the blood may be regarded as satisfactorj' It 
IS, however, wise to wait for ten minutes and to examine the mixture 
with a lens or microscope before deciding that there is no agglutination 

Methods of blood-transfusion. — Of the many methods m use it is 
difficult to say which is the simplest and most efficient With practice 
the operation becomes comparatively easy, and any method found 
satisfactory should be adopted 

The blood, whether whole or citrated, maj be run into the vein by 
gravitation from any simple container A glass funnel with a length 
of rubber tubing and hollow needle are the minimum requirements 
An inverted graduated bottle with an airway in the cork 'or a special 
flask such as the Keynes mode! is usually employed The sterility of 
all the apparatus is essential and no chemical substance should con- 
taminate the blood New rubber tubuig should be soaked m distilled 
water and carefully boiled at least twice before being used for blood- 
transfusion Whenever suitable vems can be found they should be 
punctured through the skin Sometimes it facilitates the introduction 
to make a tmy incision through the skin with a knife A sharp needle 
and a visible vein are tlie essentials for successful puncture When 
the veins are collapsed or very small or are buned m the subcutaneous 
fat, It may be impossible to strike the lumen with the needle In 
these circumstances an incision should be made over the known course 
of a vein like the median basilic or the internal saphenous If the 
patient is not amesthetized the hne of the proposed mcision should be 
infiltrated vMth nov'ocam The incision need not be more than an 
inch long If the skin is drawn aside away' from the vem, it can be 
boldly divided through its whole thickness When released, the 
incision should be just over the vem, which should be isolated by 
blunt dissection with the end of an artery forceps It may then 
either be punctured tn situ with the hollow' needle or it may be nicked 
so that a cannula can be introduced In the latter case two ligatures 
should lie passed under the vein, one to tie fhe vein 'be'low and fhe 
other to tie the cannula into its lumen When the transfusion is 
finished and the cannula withdrawn, the vem should be tied and the 
skm incision carefully sutured Much care should be taken to guard 
against infection in carrying out this little operation Local sup- 
puration and septic phlebitis sometimes occur and are troublesome 
and discreditable complications If a cannula is to be left in the vein 
for some time it must be packed round with antiseptic gauze which 
should be fixed m position writh strapping Should the cannula be 
left in still for some hours the edges of the incision may be draNvn 
together with strapping after its removal and the wound dressed 
antiseptically 
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Continuous or drip transfusion requires a double container so that 
the apparatus may be imgated with saline from time to time or saline 
substituted for the blood A dnp bulb is introduced on the flow way 
so that the rate may be observed and regulated About 40 drops to 
the minute is the usual rate and a total of 1,700 c c of blood is probabI> 
as much as is ever likely to be necessary 
Citrate method — This is probably the simplest and is certainly an 
efficient method The necessary' apparatus consists of a graduated 
bottle holding 850 c c (30 oz ), and two or more needles or cannulas, 
uith rubber tubing Ke) ncs s modification of Robertson s flask is very 
convenient The simple plan adopted in introducing saline into a 
vein may be followed About 180 cc of 1 05 per cent solution of 
sodium citrate is placed in the bottle which is kept in tvarm water at 
100® F The quantity of blood it is proposed to transfuse, usually 
550 c c , IS drawn off from the donor s vein by needle or cannula and 
mixed thoroughly with the citrate solution by' constant stirring with 
a glass rod There should be no need for filtering if intimate mixing 
of the blood and citrate solution are assured As a rule, the proportion 
of blood to solution is five or si\ to one Although it is best to carry 
out the transfusion immediatch . the citratcd blood can be kept for 
several hours at a suitable temperature and used with success 
Whatever method be employed, it is of the greatest importance 
that the blood should be tnftised slowly so as to allow for the proper 
adaptation of the cardiovascular system to the increased quantity 
of circulating fluid Ncier should less than 80 minutes be allowed 
for the infusion 

Re-mfusion of the blood lost at operations can be earned out if it 
has not become contaminated For instance, the blood from the 
abdomen in a case of a ruptured spleen or liver or cctopic gestation, 
may be collected, citrated, filtered and rc-injected with every prospect 
of success 

Reactions, such as rigors, fever, vomiting, precordial distress,, 
irregular pulse or collapse, may occur Some of these may be due to 
blood incompatabihty but it should be possible to guard against this 
bv care in matching Particles of debns or dead bactena ma\ be the 
cause, and this emphasizes the need for scrupulous care m cleansing 
the apparatus after use and rc*cleansing and stenhzing before use 
Too rapid transfusion or too great an amount of blood may cause 
cyanosis, dyspnaa or a sensation of suffocation 

VENOUS SYSTEM 

For the ligature of veins fine silk is better than catgut The walls 
of these vessels are thin, and catgut ligatures are apt to slip Silk has 
a much better bite This particularly applies to lateral ligatures for 
the occlusion of holes m big veins 
Injuries to the portal vein illustrate the problems associated with 
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the consenatne surgerv of \eins This matter is dealt with in the 
section on the liver and its excreton apparatus at p 781 The same 
problems maj arise in connection with the inferior vena cava when 
that vessel is injured dunng the removal of renal or retroperitoneal 
tumours 

Varicose Veins 

Before deciding to interfere it is necessary to be satisfied that the 
obvious vancositj is the cause of the svmptoms of which the patient 
complams 

The reasons for the treatment of vancose veins of the leg are — 

(1) Disabilitj arising from pain or other dl^comfort especiallv 

aching and cramp on standing 

(2) Secondary changes resulting from longstanding venous con 

gestion such as cedema eczema or ulceration 

(3) Hjemorrhage 

(4) Recurrent phlebitis 

(5) The exigencies of the public services 

Since the pubbcation of the last edition of this work, much additional 
experience of sclerosing injections has shown that there is still room 
for operative measures in some cases VTien the internal saphenous 
m the thigh is markedlj v ancose it must either be divided and ligatured 
just below the saphenous opemng (Trendelenburg operation) or 
divided the upper end ligatured and the lower part treated b\ retro- 
grade injection or the whole vein removed bj dissection or bj the 
extraction method of Babcock It is also necessarj to operate for the 
removal of a femoral vanx resembling a hernia for speciallv large 
vancosities such as are sometimes seen m the thigh or in those cases 
where injection treatment fails In manj cases a combination of 
injection and operation is reqmred for complete success Before 
the injection method was introduced thorough removal of the veins 
usuallv produced cure 

When operative removal is neces^arj the veins must usuallv be 
dissected out 

Incision should be directlj over the course of the v eins VTien the> 
are v erj large and adherent to the skin it is easier and better to remov e 
a strip of skin with the v essel If surgical removal is to be relied upon 
entirel> the whole internal saphenous should be excised by one of the 
methods descnbed below 

It may aLso be necessary to mterrupt the blood-stream in septic 
phlebitis with ngors For this purpose it is enough to expose to 
ligature and to divide the mam vem between the focus and the trunL 
In both the upper and the lower limb the ligature of the vein should 
be earned out as far away from the septic focus as possible 

The object both of operations for the actual removal of the veins and 
their obliteration by injections is to divert the venous circulation from 
the superficial to the deep veins It is therefore important before 
undertaking treatment to determine the condition of the latter 
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Injection method. — This plan is contra indicated (a) if there is 
thrombosis of the deep veins, (6) m the presence of acute phlebitis or 
other septic condition (c) when the vancositj is due to physiological 
congestion, as in pregnancy , (rf) m advanced cardiac or renal disease 
The solutions employed have been numerous and varied I ha\e 
always used quinine and urethane (quimne hj drochlor 4 gr urethane 
2 gr , and doubly distilled water, 80 c c ) It is well to commence 
uith ^ c c to determine whether or not there is a special idiosvncrasy 
for quinine ' The usual subsequent dose is 1 to 2 c c Sodium mor- 
rhuate m 5 per cent solution is now more generally employ ed and has 
proved most satisfactory It is wise to begin with a tnal dose of 1 
c c , but if there is no severe reaction doses of 8 or 4 c c may be subse- 
quently employed With either solution such doses may be expected 
to sclerose a length of 4 in , half above and half below the puncture 
The mjections are never to be made above the level of the middle 
of the thigh 

The mtenral between injections should not be less than one ueek 
The number of injections necessary depends upon the extent and the 
size of the veins to be treated and the reaction of the individual 
Sometimes one injection wll thrombose a considerable length of the 
internal saphenous In an average case 4 to 0 injections mil be re- 
quired The result is to thrombose the contents of the vessel Later 
this thrombus becomes organized and finalK leaves a hard cord which 
may remain permanently or may gradually disappear 
The actual injection is made with an ordinary small Record syringe 
with a fine, very sharp needle The skin la stenlized witfj alcohol 
and the needle is slowly and gently thrust into the vein It is easier 
to introduce the needle with the patient standing as the veins are 
then prominent, but nervous subjects are better lying The veins 
may tlien be made prominent by a loose tourniquet, which is removed 
when the needle is known to be within the lumen It is generally 
conceded that it is better to inject when the veins are empty 

It is absolutely essential to be certain that the lumen has been 
reached before the injection is made The only way to demonstrate 
this IS to withdraw some blood into the svTinge Once the lumen is 
reached the injection is slowly made but the needle is not withdrawn 
for a few seconds after completion As it is withdrawn a stenle pad 
must be slipped over (he puncture and held firmly for a minute or two 
This IS in order to prevent escape from the vein into the subcutaneous 
tissue The puncture is then painted with iodine and the leg is 
supported by a erSpe bandage which should be worn until the next 
injection The pressure of this bandage will keep tlie vein empty for 
some hours Beyond a slight burning sensation there is no discomfort 
and, as a rule, the patient can walk away’ If uneasiness persists, rest, 
elevation of tlie Umb and aspirin wall bnng relief 
It can hardlv be said that there are ever accidents, but there ma\ be 
slight anxiety from emotional faintness Some patients feel buzzing 
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the conservative surgers’ of veins. This matter is dealt with in the 
section on the liver and its excretory' apparatus afp. 781. The same 
problems may arise in connection with the inferior vena ca\'a when 
that vessel is injured during the removal of renal or retroperitoneal 
tumours. 

Varicose Veins 

Before deciding to interfere it is necessary to be satisfied that the 
obvious varicosity is the cause of the sj-mptoms of which the patient 
complains. 

The reasons for the treatment of s'aricose veins of the leg are : — 

(1) Disabilit}’ arising from pain or other discomfort, especially 

aching and cramp on standing. 

(2) Secondary' changes resulting from longstanding venous co'n- 

gestion, such as oedema, eczema or ulceration. 

(8) Haemorrhage. 

(4) Recurrent phlebitis. 

(5) The exigencies of the public services. 

Since the publication of the last edition of this work much additional 
experience of sclerosing injections has shown that there is still room 
for operative measures in some cases. Vhen the internal saphenous 
in the thigh is marked!}* varicose it must either be divided and ligatured 
just below the saphenous opening (Trendelenburg operation) ; or 
divided, the upper end ligatured, and the lower part treated by retro- 
grade injection ; or the whole vein removed by dissection, or by the 
extraction method of Babcock. It is also necessar>* to operate for the 
removal of a femoral varix resembling a hernia, for specially large 
varicosities such as are sometimes seen in tlie thigh, or in those cases 
where injection treatment fails. In many cases a combination of 
injection and operation is required for complete success. Before 
the injection method was introduced, thorough removal of the veins 
usually produced cure. 

VTien operative removal is necessary, the veins must usuall}* be 
dissected out. 

Incision should be directly over the course of the veins. Vhen they, 
are verj* large and adherent to the skin it is easier and better to remove 
a strip of skin wth the vessel- If surgical removal is to be relied upon 
entirely the whole internal saphenous should be excised by one of the 
methods described below*. 

It may also be necessary to interrupt the blood-stream in septic 
phlebitis ■^vith rigors. For this purpKJse it is enough to expose, to 
ligature and to divide the main vein betw'een the focus and the trunk. 
In both the upper and the low'er limb the ligature of the vein should 
be carried out as far aw-ay from the septic focus as possible. 

The object both of operations for the actual removal of the veins and 
their obliteration by injections is to divert the venous circulation from 
the superficial to the deep veins. It is therefore important, before 
undertaking treatment, to determine the condition of the latter. 
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Injection method. — This plan is contraindicated (ti) if there is 
thrombosis of the deep veins, (b) in the presence of aciitephJebitis or 
other septic condition , (c) when the vancosit) is due to phj siological 
congestion, as m pregnancj , (<i) m advanced cardiac or renal disease 
The solutions employed have been numerous and varied I ha\e 
alw ays used quinine and urethane (quinine hydrochlor 1 gr , urethane 
2 gr, and doubly distilled water, 30 cc) It is uell to commence 
with J c c to determine whether or not there is a special idios} ncrasy 
for quinine * The usual subsequent dose is 1 to 2 c c Sodium raor- 
rhuate in 5 per cent solution is now more generallj emploj ed and has 
proved most satisfactory It is wise to begin with a trial dose of 1 
c c , but if there is no severe reaction, doses of 8 or 4 c c ma> be subse- 
quently employed With either solution such doses may be expected 
to sclerose a length of 4 m half above and half below the puncture 
The injections are never to be made above the level of the middle 
of the thigh 

The interval between injections should not be less than one week 
The number of injections necessary depends upon the extent and the 
size of the veins to be treated and the reaction of the individual 
Sometimes one injection will thrombose a considerable length of the 
internal saphenous In an average case 4 to C injections will be re 
quired The result is to thrombose the contents of tlie vessel I ater 
this thrombus becomes organized and finally leaves a hard cord which 
may remain permanently or may gradually disappear 
The actual injection is made with an ordinary small Record syringe 
with a fine, very sharp needle The skin is stenlized vvitl) alcohol 
and the needle is slowly and gently thrust into the vein It is easier 
to introduce the needle with the patient standing, as the veins are 
then prominent, but nervous subjects are better lying The veins 
may then be made prominent by a loose tourniquet which is removed 
when the needle is known to be withm the lumen It is generally 
conceded that it is better to inject when the veins are empty 
It IS absolutely essential to be certain that the lumen has been 
reached before the injection is made The only way to demonstrate 
tlu5> IS to withdraw some blood mto the sy nnge Once tlie lumen is 
reached the injection is slowly' made but the needle is not withdrawn 
for a few seconds after completion As it is withdrawn a sterile pad 
must be slipped over the puncture and held firmlv for a minute or two 
This IS in order to prevent escape from the vein mto the subcutaneous 
tissue The puncture is then painted with iodine and the leg is 
supported by a erSpe bandage which should be worn until the next 
injection The pressure of this bandage will keep the vein empty for 
some hours Beyond a slight burning sensation ^ere is no discomfort 
and, as a rule the patient can walk away If uneasiness persists, rest, 
elevation of the limb and aspirin will bring relief 
It can hardly' be said that there are ever accidents, but there may be 
slight anxiety from emotional faintness Some patients feel buz/ing 
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m the ears and ha\e been known to taste the quimne almost at once 
These sj mptoms do not occur with sodium morrhuate Subsequent!} 
there maj be stiffness and soreness for a da} or two and there is some 
times actual phlebitis wnth redness and swelling over the \ein As 
sequelie there ma} be some oedema oUhe leg and the thrombosed \ ein 
may remam tender A troublesome t}'pe of thrombo phlebitis may 
persist Cellulitis and ulcer at the point of injection are both recog 
nized as being due to escape of the solution into the tissues around the 
\ein The} are fortunateh rare and avoidable sequel® 

Danger appears to be verv remote for man} thousands of injections 
are made even }ear without untoward consequences Pulmonar} 
embolism has occurred but no more frequentl} than as a complication 
of untreated cases (7 times m o3 000 cases Bailey and Lov e) 

Results — In properly selected cases these are very good provided the 
whole of the affected area is treated and any necessary auxUiar} 
operation earned out 

Operation Removal by dissection — This method was universally 
practised before the introduction of sclerosing mjections It ma} be 
used as an altemativ e to the injection method but is general!} reserved 
for dealing with verj well marked vancosit} of the internal saphenous 
m the thigh or for vancosit} of the whole vein especial!} in voung 
subjects It ma} also have to be used when there i» recurrence after 
injection To be successful the removal must be especial!} thorough 
from the groin to the knee WTien the whole leg is to be dealt with 
the operation mav take a couple of hours or even more General or 
spmal aaTsthesia is required In an} case the skm of the whole hmb 
should be prepared and the greatest care should be taken to preserve 
asepsis \Mien the veins are very dilated the leg should be elevated 
an inclmed plane on the operating table is more satisfactory than 
suspension If the veins are not veiy prormnent it is a good plan to 
mark out their course with carbol fuchsme before the skm is prepared 
and while the patient is standing One long incision ma} be made over 
the most prominent part of the vein extending from the saphenous 
opemng to just about two inches above the ankle it i» much better 
however not to cany the inci:>ion behind the knee but to make 
separate mcisions m the thigh and leg If it is necessar} to remove the 
portion of vein b} the knee this can be done b\ the subcutaneous 
method (itde uifra) The skm edges should not be dissected furtlier 
back than is necessary to expose the vem completely and in any ev ent 
for not more then about an inch If it is difficult to reach all the veins 
w ithout undermining the skm tw o or more separate inasions are better 
than flaps as there is a nsk of their sloughing All lateral branches 
should be caught before bemg divided the fat being pushed aside with 
the points of artery forceps Often the veins are fnable and tlie 
branches break off and retract If they cannot be readily caught they 
may safely be left alone for the pressure of the bandage will arrest the 
bleedmg At the upper end the mam trunk should be div ided and tied 
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about an inch below its junction with the femoral All artenal bleeding 
must be arrested and the skin edges carefuUj approximated b> suture 
For rapid healing perfect wound suture is essential 

NVhen the pobtenor or short saphenous is affected it is onl^ necessary 
to remove two or three inches at the lower part of the popliteal space 
Vertical incisions m this region are to be avoided when possible A 
transverse incision across the lower part of the space will suffice if the 
edges are well retracted The vein will be seen just underneath the 
popliteal fascia and can be readilj removed When there is ulceration 
care should be taken to diminish infection before operating, and in 
any event the incisions for vein removal should stop short of the edge 
of the ulcer by a couple of inches 

Subcutaneous removal — ^This method is associated with the names 
of Babcock and May o The idea is to remove a considerable length of 
vein between two short skin incisions In the Babcock method, 
which IS the best, the vein is enucleated bv inversion a special mstni- 
ment being required (Fig 298 ) By this means long stretches of 
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Fig 298 — Irutnim«nt (or the removal o( varicose veins br the subcutaneous method 
The probe is made o( malleable copper (Grey Turner s tnocicl ) 

vein — from below tlie knee to the middle of the tliigh, or from the 
lower part of the thigh to the saphenous opening— can be removed 
It IS only necessary to make an incision an inch long exposing the vein 
on the inner side a few inches below the knee The vein is isolated 
and opened so that the probe can be introduced into its lumen The 
probe IS then pushed gently upwards as far as it will carry and another 
short incision is made on to this point The vein containing the end of 
the probe is isolated, and a long silk ligature is tied tightly round the 
vein, biting mto the notch in the probe The vein is. then ligatured and 
tfrvrcfccf jtfst Intend the end ei the probe The probe « ni't.Mran.v 
from below carrv ing the inverted vein and the silk ligature with it Tlie 
isolated vein is then ligatured and cut away Sometimes it comes away 
very' easily, but if it docs not, the long silk ligature used to tie the 
vein to the probe is held taut from the upper incision while the vein 
IS withdrawn w^th a senes of jerks on the probe Of course the lateral 
branches are tom across, but the bleeding is easily controlled by a 
firm bandage 

If the vein breaks when only a short length has been inverted the 
probe ma\ be re-mtroduced up to the point where it broke, and here a 
short incision must be made so that the vein can be again tied to 
the probe The method is very useful for removing the saphenous 
trunk. When the distance is not too great tlie probe ma\ reach from 
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just belo^% the knee to the saphenous opening UsualH this vein has 
to be removed in two sections 

The method is not generallj suitable for the veins below the knee 
nor IS It likely to be successful for very big veins or where there have 
been attacks of phlebitis or previous treatment b) injection 

After care — It is wise to keep the patient m bed until the wound is 
healed After extensive dissection four dajs or more ma> be 
necessary For three or four vveeks the hmb should be supported bj 
a crepe bandage and should be kept elevated when the patient is 
resting 

Resection of vein at saphenous opening — ^This is 
the Trendelenburg operation The object is to liga 
ture and divide the great saphenous just below 
Its junction vnth the femoral It is considered 
best to excise about an inch of the vein An 
obhque incision is made across the upper and 
inner part of the thigh about an inch below and 
parallel with Poupart s hgament (Fig 299 ) If 
there is much subcutaneous tissue it is easier to 
find the vem through the obhque incision and in 
an> case it has the advantage that a postcnor 
branch that would probabl> be missed with a ver 
tical incision can be found and divided This 
branch should alwaj’s be sought The main 
trunk should be carefuUj exposed and sufficiently 
separated from its bed to allow a ligature to be 
passed around it In dehning the upper end care 
must be taken not to drag up the femoral vem 
The lower end may be caught m a clamp and tied 
after division The actual division should be 
made half an inch beyond the point at which the 
hgature is applied so that there can be no possible 
nsk of the latter sbppmg Some enlarged lymph 
nodes may be encountered about the saphenous 
rewnOTend^'^^for Opening these should be disturbed as bttle as 
Treadeienbur^ s possible The wound Is carefuUv. sutured care 
op«raton being taken to bnng the fat and deep fasaa 

together 

Resection of saphenous with retrograde injection — ^This method may 
be used w hen the v eins below the knee have been successfully sclerosed 
bv injection but the saphenous in the thigh remains patent and van 
cose It IS also an alternative to removal of the thigh veins by 
dissection The patient should be m hospital Local ansesthesia 
will suffice The trunk of the vein is exposed just below the saphenous 
opening and is isolated for a couple of inches A ligature is applied 
half an inch from the femoral vein and the tnink is clamped across 
about an inch lower down the intervening portion being excised 
The sclerosing solution is injected into the lower end In this method 
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the lower end of the vein ma> be of so large a lumen tint it n dilTicult 
to tie It about e\cn a Jarge-size Recoirl needle A special no/zJe maj 
be used, or the vein may txs ligatured and the injection delivered 
into the distended parts below by puncture with an ordinary-size 
hypodermic needle The 6 per cent sodium morrhuate solution is 
used , and up to 1 0 c c may be injected The w ound should be s\\ abbed 
with saline to remove traces of the sclerosing solution and should then 
be carefully sutured, care being taken to bring the fat together to 
obliterate dead spaces The thigh is mildly compressed w ith bandage 
or strapping The patient may get out of bed the ne\t daj but should 
remain under observation for two or three days 

LYMPHATIC SYSTEM • ELEPHANTIASIS 
Operative treatment devised to relieve lymphatic stasis in cases of 
elephantiasis has undergone modification and nou it may be said that 
Lang s operation, modified according to the methods of Kondoleon and 
Sistrunk, IS a surgical procedure that offers some prospect of success, 
especially in cases in which the lower extremities are affected I have 
seen great improvement after operation but never complete cure, and 
relapse is not uncommon But, as a rule surgical mter^entlon has 
only been carried out at a late stage and when there are secondary 
changes in the lymph sodden tissues Since Uie mahdy is progressive 
and invariably leads to a burdensome disability earlier and more 
radical surgical treatment is justified 
Lang* made a long incision doAvn the thigh and leg carried right to 
the bone The periosteum was detached from the bone and holes 
were trephined through to the medulla, and into these portions of the 
detached periosteum were inserted This method has been superseded 
by that of Kondoleonf who aJ>o used Jong incisions on both the outer 
and inner aspects of the limb and through these removed large sections of 
subcutaneous tissue, fat and aponeurosis so that the muscles were 
left quite bare at the bottom of the large wound The incisions were 
most carefully closed without drainage 

Sibtrunk's operation J which is very similar, begins with a long 
elliptical skin incision extending from the trochanter to the external 
maffeofus T/ie sAm is then reiTected fowarefs both back and front 
to the extent of an inch or two, to permit the removal of a large amount 
of subcutaneous fat Tins fat, the skin ellipse and a stnp of deep 
fascia IS removed, the wound being sutured without drainage , a like 
procedure is earned out on the inner side of the leg In each case the 
aim is to remove large sections of the cedematous and hypertrophied 
tissue and to establish free communication between the superficicd and 
deep lymphatic systems thcrcbv restonng the lymph drainage 
Homans (19S9) asserts that lymph drainage cannot be renewed and that 
anv benefit following operations of the Kondokon ty pe is denv ed from 

• CnlrtHUf Clir, I9H x»xv£il,3 1*3 
t mtJ II 1913 U 111* 

\ (.ollttlni Papttt INjoCI ", 1918 X 90 



OPERATIONS ON BLOOD VESSELS 

the rtniovil of hniph-swWen ti'-«ue> The limited succc-x^ of ihe>e 
operations e\tn uhen most thorotighl\ and carefiill) tame<l out 
supports this contention In confomiits with thi> \iew Homans 
ad\ocates an operation designed to rtmoae the greattst jx^eibk 
amount of the ti sues between the skin and the deep ficcn all aroiiml 
the limb After completion the skin denuded of its ^subcutaneous 
tissue lies directh on the bared mu'^cles and bont The operation is 
earned out m at least tw o stages and from incisions on cither side of the 
limb As a nile onl\ the leg below the knee is dealt with a^ tin- is the 
great reservoir of lluid and where the ma\imum effects of its accumula 
tion arc found 

Tliese operations are not free from nsk and unit s great cart is 
taken the\ ma\ be followed b\ severe shock The patient should be 
carefuUv prepared bv a period of three or four weeks m bed vvath the 
limb elevated and bandaged from the toes upward- Dunng thi- 
penod most painstaking attempts should be made to stcnlize the si in 
The actual operation should lie done slowlv and carefulh so that all 
\es«els maj be caught and tied as the opcmtion proceed- A toumi 
quet Is sometimes advased but the upper part of the tliigh is often «o 
swollen that it is difilcult to comprcso the ve>«cl» If the patient i* 
not in good condition onlv one side of the limb should be done at a 
time After operation there should be nohurrv toget the patient out 
of bed and a mildU elastic bandage should be worn for some month* 

In an attempt to improve the results of operative interference 
Gilhcs and Fraser deva^d a method of bridging the area of hmphatic 
block bv means of a long stnp of licaltliv skin and subcutaneous ti-sue 
with Us Ijmphatics This skin budgciscut from the upper e\t remit) 

A bed Is prepared cvtcndmff from the a^cclcd thigh to the flank, and 
into this the pedicled flap i> most carcfull) sutured Wien it Ins 
firmlj healed into position the flap i> detached from the upjicr 
e:Xlremil> Tlic area on the arm from which the bridge is secured 
must be cartfuUv repaired and mav require skin grafting The 
operation is potentiall) a severe one winch must be corned out in 
stages In a few cases the xtsuUs have been encouraging 

Wlien there is chronic ulceration or grave sepsis it mav be safer to 
tie the. evtemaJ iliac nrterv Great improvement often follows and if 
neccssarv the Kondolcon operation maj be done later 
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PRINCIPLES OF THE OPERATIVE 
TREATMENT OF MALIGNANT DISEASE 

By W SAMPSON HANDLEY 

TiiL fundamental starting point for the operative treatment of 
malignant disease is the fact that cancer is a disease of local ongin 
spreading gradually to distant parts It is not a systemic or blood 
disease, as the earlier pathologists thought if it ^ve^e the surgeon 
would have no part to play in its treatment It may be admitted 
tliat operation is a clumsy weapon wherewith to fight the invisible and 
microscopic extensions of such a subtle disease The fact remains that 
at present for some varieties of cancer it is still the only trustworthy 
weapon Radiological treatment has however, in some directions 
made great strides Useful palliative effects and an occasional 
apparent cure have followed the implantation of radium tubes in 
cancer of the prostate and of the pancreas — forms of growth winch 
most surgeons regard as essentially inoperable For certain forms, 
particularly for most cases of carcinoma of the tongue, mouth throat, 
lip and penis, radium treatment has established its definite superiority 
to operation In other cancers, eg of the cervix, the two methods 
compete on level terms In yet others, as m cancer of the breast, 
radium treatment has become a reasonably hopeful alternative which 
may be offered for the patient's choice Radium appears to have 
definitely failed hitherto for growths of the stomach and bowel though 
m cancer of the rectum it may. score a rare success Even in pnmary 
growths amenable to radium operative excision of affected glands is 
usually necessary 

We trace bneflv the various stages through which cancer surgery 
has passed 

Simple excision of the primarv growth. — As soon as the progress 
of clinical observation had made possible the recognition of 
malignant growths, the surgeon followed lus natural impulse to cut 
out the lump Velpeau's dcscnption of his method of operating on 
breast cancer, dated 1858, may be taken as illustrating this pnmitivc 
method “ Plunging in a straight bistourv, ’ he says, " I. wath one 
stroke, div ide all the tissues to the lower surface of the tumour Tw o 
of these parallel incisions enable me to include the tumour in an 
ellipse, and to separate it like a slice of melon In this wav the wound 
is more uniform and the proceeding more rapid ” 

Operations of this character, restneted to cutting out the lump, 
have from the earliest times been followed by a very occasionalsuccess, 
S41 
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probabU because the removal of the bulk of the malignant tissue 
enables the natural resistance of the bodv to deal wath wlnt is left 
But the method is like attempting to extirpate turf uith a mowng 
machine, and little more hopeful 

It might be thought that simple excision of the obvious lump is 
no\\ada)s never practised This is far from being the case In one 
week recently, two cases in which it had been used for breast cancer, 
the greater part of the breast being left behmd came under mv 
observation Such cases are the handiwork of the " occasional 
surgeon But in melanotic sarcoma the same simple operative recipe 
IS still followed, even b} trained surgeons, and with deplorable results 
There are, of course cancers trenching closelj upon vital and irre- 
movable organs in which a close excision of the lump represents all 
that la surgicall) possible cancer of the oesophagus or prostate ma\ 
be examples One would however, rather mfer that these growths 
are essentially inoperable than admit that restricted excision of a 
cancerous lump should ever be practised 

Charles Moore s paper on ‘ Inadequate Operations * affords 
matenal for judging the results of " cutting out the lump in breast 
cancer Among ten cases m which a cancer was excised from the 
breast the disease returned m nine in the remaining portion of the 
breast and in one in the axillary glands alone 

It has been suggested that the pnmitive method of limited exasion 
would be satisfactory if supplemented bj buned radium tubes round 
the periphery of the operation area Some surgeons especially 
Mr Duncan FitzwUliams are trying the combination, but its value 
cannot yet be assessed 

Excision of the primary groirth with 3 definite margin of healthy 
tissue — The next stage in the surgery of cancer, based on the unsatis- 
factory results of the pnmitive method was free excision of the 
pnmary growth with a maigm of healthy tissue In breast cancer 
this extension of the operation was desenbed as an " amputation of 
the breast The use of the term * amputation indicates a lopping 
off of the organ wnthout regard to anatomy or pathology In mam 
mary cancer little improvement in results was secured Moore states 
that m three cases of complete removal of the whole breast, return 
of the disease cutaneously or subcutaneously confined to one of the 
flaps, took place in two m the other the disease recurred in the 
axillary glands 

Simple free excision of the pnmary growth has not been entirely 
superseded It remains the metbod of choice for some malignant 
tumours the method of necessity for others It is adopted in rodent 
carcinoma which has no tendency to disseminate It is suitable for 
dealing with malignant growths ongmating m areas where dissemina 
tion IS prev ented by previous destruction of the ly mphatics as in lupus 
carcinoma and some X ray carcinomata , and for the fibro-sarcomata 
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which have little tendency to disseminate Sometimes it maj be 
justifiable as a palliative to remove the offensive and obvious external 
growth until the patient succumbs from dissemination but untroubled 
by local recurrence In many internal cancers, free excision of the 
pnmary growth may be all that is surgically possible 
Monobloc removal of the cancer and the affected glands 
enclosed in a sheath of normal tissue. — The beginning of a third 
stage of cancer surgery is to be traced in the paper read before the R 03 al 
Medical and Chirurgical Society in 1867 by Moore, who uas then 
Surgeon to the Mid(Uesex Hospital He showed that recurrence after 
the operation is due, not to an organic or constitutional taint, but to 
imperfect removal of the primary' growth and its surrounding satellite 
nodules He insisted that the growth, with all its ramifications, must 
be removed m one piece and must not be seen or cut into dunng the 
operation He enunciated the necessity in every case of removing the 
whole breast, along with unsound adjoining structures — skm, lym- 
phatics, fat, pectoral muscle, and axillary glands After freely 
removing the unhealthy skin, he undermined the skin flaps so as to 
detach the breast from its circumference towards its centre He did 
not, however, state precisely how he would define “ unsound adjoining 
structures ’ requiring removal, nor did he give an exact descnption 
of his operative method It was perhaps for these reasons, or because 
of the danger of extensive operations m the pre-Listenan period, that 
his paper failed of its full effect Twenty years later, when Mitchell 
Banks advocated the routine removal of the axillary glands in breast 
cancer, only one speaker was found to support his opinion Gross, in 
1888, from statistical studies, strongly supported Banks's views 
Is removal of the glands in one piece with the primary growth essential 
to the success of the operation ?-^ross, who was one of the first to 
advocate removal of the lymiphatic glands m carcinoma of the breast, 
used to pick out the glands from the axiUa through a separate incision 
Such a dissection was necessanly incomplete, and involved the division 
of possiblv infected trunk lymphatics To Halsted is due the adop- 
tion, in breast cancer, of the monobloc method of operation, though 
its desirability' had been earlier advocated by Moore 
Rationalization oi the mono 6 /oc operation — ft is one thing to assert 
the desirability of the monobloc operation, it is another and a much 
more difficult thing to practise it, for the surgeon has no ocular 
evidence of the microscopic extension of the growth Until recent y cars 
no sy’stematic study of the mode of spread of cancer had been under- 
taken, or, at any rate, there was no general conception of its mode of 
spread The establishment on a sure basis of the permeation theory 
of dissemination enables rational methods of mohobloc removal to be 
planned with a good prospect that they will attain their object, though 
much remains to be done in investigating the spread of pnmary cancer 
in the internal organs No surgeon can deal properly with cancer who 
has not made a study of lymphatic anatomy and the mode of spread 
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The permeation theory was first worked out for breast cancer and 
for melanotic sarcoma Accordingly though it is applicable generally 
to carcinoma and to some sarcomata its consideration is deferred 
to p 5o2 

The object of the monobloc method now usually accepted a* 
desirable is to ensure the rcmo\aI of the trunk honphatics connecting 
the pnmary focus wath the infected gbnds If it could be shown that 
these trunk lymphatics are free from canccr-cclls then it would be 
safe to remove first the primary growth with the permeated area 
around it and secondly m a separate mass or b\ a separate operation 
the infected glands remembering however that an infected gland is 
Itself a focus of permeation 

There is evidence that trunk lymphatics along which cancerous 
emboli hav e passed from smaller permeated Iv mphatics are not thcrebv 
infected The strong lymph stream of these larger lymphatics scours 
them and transports to the nearest gland all the canccr-cclL> which 
pass along them As soon however as the entire catchment area of 
a trunk ly raphatic is choked b\ permeation of the small vesseh which 
compose it the lymph-current of the trunk lymphatic is arrested 
Plugs of cells intruding into the trunk from permeated tnbutanes arc 
no longer swept away On the contrarv they continue to proliferate 
easily within its wide lumen and the trunk Ivmplntic itself becomes 
permeated Such permeated trunks may sometimes be felt in a late 
stage of breast cancer as notlular cords passing to the axilla In rare 
coses the thoracic duct itself i> tn this way converted into a solid cord 
of growlh 

Tlie answer to the question whether monobloc remov al of the gland* 
is indispensable evidentlv depends on the period of the disease at which 
trunk permeation begins Tins probably vanes according to the 
degree of cohesion between themselves possessed b\ the canccr>cells 
If they cohere loosely os in most cases of glandular cancer trunk 
permeation will be deferred If they cohere cIoscK as in squamous 
celled carcinoma the lymph-slrcam may fad to purge the trunk of the 
invading cylinder of cancer-cells and trunk permeation begins In 
most cases of breast cancer clinically regarded as operable trunk 
permeation is still absent On the other hand m cancer of the lower 
hp trunk permeation is certamly present in quite earh case this is 
indicated bv the frequency of recurrence at the apex of t!ic V in 
V-shaped excisions llie same is probably true of the tongue 

On the whole it mav be concluded that while monobloc removal of 
the growth and glands is not in all cast* essential it is neverthtle-s 
most desirable m the absence of a dominant contra indication 

If os in cancer of the tongue the pnmary growth ls situated in a 
septic area which crftinot be shut off separate removal of the | ninary 
growali and of the glands is usually right The n k of lca\ing i>cr 
meated trunk lymphatics is outweighed bv the more immediate n k 
of sepsis in a large ccrvacal wound The operator mav legitimately 
hope in «uch case* that permeation of the tninks has not vet begun 



RADIATION-EXCISION 


51 ^ 


He mav also nghtl^ urge, as Jamieson and Dob&on point out* that it 
IS really impracticable to remove, even bv a monobloc dissection all 
the trunk Ij-mphatics running from a cancerous focus m the tongue 

In 70 cases of tongue cancer operated ifpon b> Butlin— hardly an\ 
ol them monobloc operations — there were 29 successes These figures 
indicate either that in over 40 per cent of operable cancers of the 
tongue there is no trunk permeation, or that in some cases the per- 
meated trunks remaining after operation are destro}ed by inflam- 
matory reaction or otherwise They afford no reason for impugning 
the value of the general pnnciple of monobloc operation, which is well 
established, and onl^ to be violated for sound reasons such as are 
present in the case of Ungual cancer Apart from, the reasons alreads 
urged in its favour, the monobloc method minimizes the risks of 
implantation 

Radiation-excision method.— The monobloc operation has of late 
ceased to be the standard method of dealing with many cancers such 
as those of the tongue mouth, hp and penis The pnmarv grow th is 
no longer excised but is dealt with b> the implantation of radium 
needles The glands are excised by a separate systematic operation 
Regaud has found that radium treatment of the glands in cancer of 
the tongue does not give adequate secunty against glandular recur- 
rence To secure the best results the gland operation must be verv 
complete and extensive not confined to the removal ol glands which 
are visibly or palpabU enlarged 

This IS no now doctrine , it was insisted upon by Butlin many years 
ago If in cancer of the tongue, only the enlarged glands — say the 
tonsillar, submaxillary or submental glands— arc removed, recurrence 
in the lower glands of the main deep cervical chain is almost invariable 

It IS not difficult to account for the unsatisfactory results of restricted 
gland operations Briefly , infection of a gland w itli canccr-cells occurs 
some time before there is any clinical evidence of it Recurrence is 
nearly certain unless the apparently normal glands adjotnmg the 
enlarged ones are removed The ideal is complete removal of the 
glands of the affected region Tlic task is no light one, and is impos- 
sible without a detailed working knowledge of lymphatic anatomy 
Tlie old rule of thumb that the glands requinng removal are those 
which the operator finds enlarged must be abandoned Along with it 
must go the idea tint gland operations can be dispensed with when 
there is no clinical evidence of glandular invasion 

Implantation of cancer during operation. — An important object 
of the monobloc operation is to prevent the setting free of cancer-ccUs 
m the wound It known that an animal suffering from spontaneous 
cancer can be readil\ inoculated with a fragment of its own growth 
In Trance the experiment has actually been mide with success on the 
hum in subject It is evident, therefore, that if a cancer is cut into 
during removal a nsk of acadental inoculation of the wound at once 
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taken to embed in the floor of the wound a suflicicnt number of 
radium needles effectiveli to radiate the suspected area It is for 
instance not rare in operating upon the supraclavicular glands for 
breast cancer to find a fixed and irremovable mass at the angle of 
union of the internal jugular and subclavian veins Such a mass may 
be transfixed by a radium needle when exposed but could not be 
treated effectively by blind methods 

In 1931 dunng an operation for recurrent glands in tongue cancer 
in a man of Go after the primary growth had been suppressed by 
radium a degenerate gland near the root of the neck ruptured and 
discharged its contents over the wound The wound was washed out 
first with perchlonde of mercury 1ml OOO to coagulate the albumin 
of isolated free cancer-cells and then with saline to prevent the 
injunous action of mercury upon the platinum of the radium needles 
About ten radium needles of 2 and 3 mg well distnbuted were left 
m the wound for a week There is still (1942) no recurrence and the 
patient has *become the father of an only son If the skin flaps are 
thin radium needles must not be left too close to their deep surface 
X rays in the pTwention of implantation — A course of \ rays should 
always be applied after healing m a malignant growth which is sus 
ceptible to their action Tlieir value may be doubtful m refractory 
growths such as squamous celled carcinoma In other cases it may 
decide the success of the operation Thus for instance it seems 
almost certain that a prophylactic course of Xrays yvould have 
prevented the development of the implantation nodule in tlie abdominal 
wall which proved ultimately fatal m the case of gastric carcinoma 
referred to above (p 546) 

Since the last edition of this work was published I have met two 
other cases of implantation recurrence m the abdominal wall one 
following the removal of a malignant ovarian tumour the other the 
the removal of a carcinoma of the c'ecum In the firsit case buried 
radium treatment supplemented by \ ray;* suppressed the recurrence 
In the second radium failed and excision became necessary 

PATHOLOGY AS THE FOUNDATION OF 
CANCER SURGERY 

Many surgeons developing surgical methods of dealing with cancer 
have largely trusted to a companson of the results of various empirical 
operations In tins country Sir Harold Stiles was the first to perceive 
the necessity of founding operative procedure for cancer upon precise 
pathological studies Stiles s researches on the anatomv of the breast 
and on the pathology of a hundred excised breasts led to the description 
by Cheyne and himself of a method superior to that of Halstcd in its 
insistence upon the necessity for a wide removal of the circum nnm 
mary fascia and in its relative economy of skin Stiles however 
failed to lav stress upon the routine removal of the lower half of the 
great pectoral which was nghtly demanded by HaKted 



646 


TREATMENT OF MALIGNANT DISEASE 


anses The late Sir C R) all (* Cancer Infection and Cancer Recur- 
rence ’) dre\s special attention to this danger He quotes several 
interesting cases In one case a stitch hole in the operation scar was 
the site of the recurrence *In a second case, where the clavicle was 
div ide*d to reach infected supraclavicular glands, the wound healed but 
the bone became the site of recurrence In a third case, an operation 
for a small tumour of the breast, the whole chest within two months 
of the operation was involved m cuirass cancer, in this ca«e the 
operator had used the same knife for making an incision into the growth 
and for its subsequent removal Diffuse infiltration of the neck maj 
rapidlv follow rupture of an epitheliomatous gland dunng operation 
R> all collected a series of 25 cases of implantation which had come 
under his observation The most striking case I personall}. have seen 
w as that of a lady upon whom a gastrectomy had been performed in 
Amenca for carcinoma The operation was completely successful 
Some months later when she was apparentlv m good health, a small 
solitarv nodule appeared in the subiaitaneous tissue of the operation 
scar Soon it began to grow rapidly , but she postponed seeking advice 
and ultimately died wath extensive infiltration of the abdominal wall 
Ryall held that, if it could be avoided a doubtful tumour should 
not be cut into and excised at the same operation The inci«ion wound 
should be hermetically sealed, or allowed to heal before the healthy 
tissues surrounding the tumour are excised But if it is absolutely 
necessary to incise and to remove a malignant grow th on the same day , 
the most elaborate precautions should be taken Tlie exploratory 
incision must be carefully sutured The skin must be freshly prepared, 
the surgeon s and the assistants' hands must be sterilized afresh, and 
every instrument, including the needles, must be boiled once more, 
soiled towels and sponges mu:>t be discarded, and the operation begun 
anew 

Personally, I beheve that if a carcinoma is incised it is safer to 
ablate it at once rather than to wait for the wound to heal The 
circulatory activity and inflammatory processes of healing must, I 
think tend to favour rapid dissemination The incision should be 
packed wnth a swab dipped m pure carbolic acid and tightly sutured, 
and the operation of excision should be begun de noto, with the pre- 
cautions detailed by R\ all A pathologist skilled in the interpretation 
of frozen sections should always be present to make an immediate 
histological exammation when a suspected lump is explored 

At the end of ev ery cancer operation, failmg any contra indication 
the wound should be flushed out With a vigorous stream of fluid to 
w ash away any loose cancer-celli. I alvvay s use 1 m 2,000 perchlonde 
of-mercury solution which will probably coagulate and destrov any 
isolated cancer-cell which is not washed away 

Radium in the prevention of implantation — In any case where it 
is thought possible that cancer-cells have been set free in the vvound 
during an operation or where complete removal of the growth 
proved impracticable, the most effective precaution which can be 
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taken is to embed in tlie floor of the uouncl a sufficient number of 
radium needles effectively to radiate the suspected area It is. for 
instance, not rare in operating upon the supraclavicular glands for 
breast cancer, to find a fixed and irremovable mass at the angle of 
union of the internal jugular and subclavian veins Such a mass may 
be transfixed by a radium needle when exposed, but could not be 
treated effectiveh by blind methods 

In 1931 dunng an operation for recurrent glands m tongue cancer 
m a man of G5, after the primary growth had been suppressed by 
radium, a degenerate gland near the root of the neck ruptured and 
discharged its contents over the wound The wound was washed out, 
first with perchloride of merewrj , I m 1,000, to coagulate the albumin 
of isolated free cancer cells, and then with saline to prevent the 
injurious action of mercuiy upon the platinum of the radium needles 
About ten radium needles of 2 and 8 mg . well distributed, were left 
m the wound for a week There is still (1942) no recurrence, and the 
patient has become the father of an onlj son If the skin-flaps are 
thin, radium needles must not be left too close to their deep surface 
X-rays m the prevention of implantation —A course of X rajs should 
alwajs be applied, after healing, m a malignant growth which is sus- 
ceptible to their action Their value mav be doubtful m refractory 
growths such as squamous celled carcinoma In other cases it mav 
decide the success of the operation Thus, for instance, it «eems 
almost certain that a prophylactic course of X-rays would have 
prevented the development of the implantation nodule in the abdominal 
wall which proved ultimately fatal in tlie case of gastric carcinoma 
referred to above (p 540) 

Since the last edition of tins work was published I have met two 
other cases of implantation recurrence m the abdominal wall, one 
following the removal of a malignant ovarian tumour, the other the 
the removal of a carcinoma of the ciecum In the first case buned 
radium treatment supplemented by X-ra\s suppressed the recurrence 
In the second radium failed, and excision became necessary 

PATHOLOGY AS THE FOUNDATION OF 
CANCER SURGERY 

Jlany surgeons developing surgical methods of dealing with cancer, 
have largelv trusted to a companson of the results of various empincal 
operations In this country’ Sir Harold Stiles was the first to perceive 
the necessity of founding operative procedure for cancer upon precise 
pathological studies Stiles s rcscarthcb on the anatomy of the breast 
and on the pathology of a hundred excised breasts led to the description 
by Cheync and himself of a method supenor to that of Hahtcd m its 
insistence upon the neccs'-ity for a wide removal of the circum-nnm 
mary’ fascia, and in its relative economy of skm Stiles, however, 
failed to lay stress upon the routine removal of the lower lialf of the 
great pectoral, which was nghtiv demanded by Hahtcd 
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tnbntnri of the fascial plexus and to the little group of papilhrx 
\evsels which unite to form it The of thc^e primars Emphatic 
areas of the skin I estimate at from ^ to 1 m in diameter and there 
seems to be little communication l^tween adjoining arta» except 
through the medium of the fascial plexus — a fact which cxplain'!*the 
nodular character of cancerous invasion of the skm Both the so-called 
cutaneous plexuses appear to be illusions There must however be 
some ground for the fact that these plexuses have been desenbed and 



Fig 301 — A section vert Cal to the skin through the edge of an area of Paget a d sease 
The pattern of the cutaneous Ijnnphat c Tcsseb is emphasized and coarsened bj their 
^/stens en if tb maf gnaat ce)h 

[Jlaitityt CtfU ) 

it would appear that the superficial third of the dcmtis and the super 
ficial K} er of the subcutaneous fat are planes of confluence — laj ers 
that IS in which groups of lymphatic \essels arc running together to 
form single vessels A plexiform appearance is thus produced m these 
la} ers just as the tangle of branches in a wood might lead the observer 
to imagine that the branches of the trees were united in a plexifonn 
arrangement 

The independence of adjoining lymphatic areas of skm is a fact of 
great pathological importance Its full appreciation will I bthciL 
throw light upon some of the obscuntics of cutaneous patholog} 
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Besides the small tributaries ^\hlch dip down \erticall\ into the fascial 
plexub from the surface of the bod} there are running upwards to the 
deep aspect of the fascial plexus numerous vessels b} means of which 
it communicates with the lymphatics of the subjacent tissues I have 
frequently observed such vessels passing to the deep fascia from the 
muscles and the special habilit} of some of the subcutaneous areas 
of the skeleton to cancer appears to show that the fascial plexus 
anastomoses in a similar wa} with the periosteal l}'mphatics wherever 
thej approach the surface 

The IjTnphatics of the breast, though some of them run to the 



Fig 502 — Tninks of fasual plexus 
Th- 6ne meshwoik <d vmels coastimtlo Uie pleiu* U«K b onI> panul y ind tiled 
(/f/ter S4i/<ffy f I • ueaur lyvet ) 


sjbareolar plexus and thence to the axiUarj glands, largely drain 
into the pectoral plexus that part of the deep fasaal 1} mphatic plexus 
which lies behind the breast 

The fascial lymphatic plexus— The l}Tnphat:c plexus of tlie 
pectoral fasaa is often spoken of as if it were an anatomical entity 
It IS m realit} merely a conventional subdivision of the deep fascial 
lymphatic plexus whose network of intercommunicating channels 
mvests the entire bodv This plexus (Fig 302) is divisible b\ the 
median plane of the body and by two honzontal planes passing 
through the clavicles and through the umbilicus respectively into see 
catchment areas three on either side draining as the case ma\ be 
into the cervical the a-xiUaiy or the inguinal glands \^lthmeach 
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Fig 304 — Infiltration m breast cancer, showing 
narrow columns of cancer cells growing along 
the cellular interspaces x so (Cf Fi^ 30o ) 


area a special set of trunk lymphatics arises from the plexus and 
converges on the corresponding set of glands The line or rather zone, 
separating an> hvo adjacent 
areas maj be called the Ijtu 
phatic water parting, and is 
anatomically a zone of nar 
row, tortuous channels, no 
where traversed bj trunk 
Ijmphatrcs — a region con 
sequently , where the lymph 
stream is at its feeblest, and 
where even very fine particles 
are Ukely to be arrested The 
general idea, then, of the 
parietal IvTUphatic sj'stem is 
a vast honzontal network of 
fine channels, co-e.\tensive 
with the surface of the body , 
and receiving above number- 
less fine vertical tnbutanes, 
which conv ey to it the 1\ mph 
from the skin and its ap 
pendages including the breast On its deep aspect the plexus re- 
ceives tnbutanes from the subjacent tissues From this great plexus, 
which hes in the subcutaneous fat upon the deep fascia the lymph 
IS conveyed by six sets of 
IvTnphatic trunks,, each drain 
mg a definite area, to the 
cervical the axillary , or the 
inguinal glands 

The Permeation Theor\ 
OF DlSSEMlVATlON 
Permeation may be defined 
as the choking up of lym 
phatic vessels bv the growth 
of cancer-cells along them 
The IvTuph stream has no- 
thing to do with it The 
proliferative power of cancer- 
cells IS so great that when 
they intrude into a lymphatic 
channel they advance along 
It either with or against the 
stream asasolidplugorgrow- 
ing tendril of cancer-cells 
(Fig 803 ) Only m the trunk Ivmphatics wall the intrusiv e cancer-cell> 
be sw ept awav b\ the stream to form an embolus m the nearest glands 




PERMEATION AND INFILTRATION 


553 


Some recent writers have used the word " ptnncation ’ a-i s\non\- 
moub with “ infiltration ” It will be well, therefore, to state clcarl) , 
in tabular form, the differences between those two modes of spread 
of carcinoma 


iNnLTRATION (Fig 804) 

The earliest dissemmative process 
Best seen at the edge of the 
pnmary growth, a® defined by the 
naked eye 


The cancer cells arc spreading 
along the tissue interspaces eg 
between fat cells or between adjoin- 
ing fibrous bundles 

If infiltrating cancer cells intrude 
into a capillary lymphatic vessel the 
process of mfiltration merges into 
that of permeation 

Infiltration i« a \er}' slow process 
because of the resistance offered to 
the passage of cancer-cells, through 
the cramped and tortuous tissue 
interspaces 

Infiltration, on account of its 
slowness is of fclative unimportance 
as a factor m general dissemination 


PERMCAnOS (Fig 305) 
Begms after infiltration 
Best seen at the vucroscopic 
grmtvtg edge, which, in advanced 
cases, may be situated in apparently 
normal tissues, 6 in or more from 
the apparent edge 
The Ijonphatic vessels, not the 
l3anpliatic spaces, are filled up and 
choked by solid cords of cancer- 
cells The tissue interspaces are 
free from cancer cells 

If a permeated lymphatic rup 
tures, the canccr-cells set free may 
infiltrate the surrounding tissues 
Thus permeation may lead to 
infiltration 

Permeation is a more rapid pro- 
cess than infiltration because the 
cincer-cclls are growing with little 
resistance along tlie open lumen* of 
the lymphatic vessels 
Permeation may carry cancer- 
cells to a very considerable distance 
from the pnmary tumour, and is 
capable of traversing the minute 
anastomotic lymphatic plexuses 
It IS accordingly the principal 
facto! in general dissemmation 


A close analogy exists between the process of permeation and the 
artificial filling up of the ly mphatic cbanneL by an injection fluid such 
cas IS used by anatomists to demonstrate the lymphatic vessels If a 
hollow needle connected with a reservoir containing soluble Prussian- 
blue solution IS plunged into the breast, the fluid will enter the lym- 
phatic vessels near the point of the needle and, after filling up the 
internal lymphatics of the breast for some distance around the point 
of injection, will pass backwards, along certain lymphatic vessels, first 
demonstrated by Heidenham, to the lymphatic network on the great 
pectoral muscle This pectoral lymphatic plexus is a portion of the 
great fascial lymphatic plexus, whidi forms a single network lying 
on the deep fascia and covering the entire body The injection fluid 
will spread along this network ccntnfugallv , invohung a continually 
increasing cirailar area of the fascia! plexus The centre of the 
injected area will always be situated directly beneath the point of 
introduction of the needle into the breast Its circumference may 
easily pass far beyond the mammary margin 
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The fascjaJ 13/nphatic pJe.\tfs receives minute tributaries from the 
muscles beneath and from the skm above At first :t uiU be easier 
for the fluid to keep in the plane of the mam plexus and these little 
tnbutanes will escape injection But as the area of the injection arcle 
ir creases tlie pressure tow ards its centre nses with the increasing resist 
ance Some of the fluid will now be forced along the minute tnbutanes 
of the fascial plexus and injected areas will appear in the skin and 
subcutaneous tissues on the one hand andui theunderijmgmuscles on 
the other At the penpherj of the circle of injection on the contrary 
the fluid will find it easier to keep along the mam plexus rather than 
to push up the narrow side channeU Here accordingly no injection 
will be seen except in the plane of the mam fascial plexus 
The fascial plexus is drained by certain trunk lymiphatics which pass 
to the cerMcal the axillary or the inguinal glands The axillary 
trunks ivill soon be filled up by the injection as far as the glands 
The spread of cancer of the breast or of a cutaneous melanotic 
sarcoma from the pnmary groivth is exactly analogous to that of an 
injection fluid save in one respect Any cancer cells which mtrude 
into a trunk lymphatic will be swept by the lymph stream to the 
axillary glands and the trunk lymphatics themselves wall thus be 
scoured and kept free from cancer-cells Only m a later stage of the 
disease are the trunk ly mphatics choked by permeation 
Observations upon which the permeation theory is based — Although 
in 1889 Heidenham detected lymphatics filled by cancer-cells extending 
from the breast to the pectoral fascia in two thirds of the cancerous 
breasts he examined this important observation remained isolated 
and failed to a^ect the general view of dissemmation eveh m the mind 
of Heidenham himself M B Schmidt has proved that cancer-cells 
frequently reach the blood stream but it appears certain that in 
nearly all cases these cells are (hen destroyed for I have shown that 
the distnbution of the secondary deposits is not such as would be 
expected from this mode of dissemination The evidence caimot here 
be fully stated but its salient features are as follows The secondary 
deposits accessible to observation in breast cancer appear at first near 
the primary growth and spread from it centnfugally involving a 
continuaffy increasmg circular area of (fie (issues round (fie grow th 
but never encroaching upon the distal half of the limbs the parts 
which upon the embohe theory would appear most liable to meta 
Stases The freedom of the distal portion of the limbs applies not 
only to subcutaneous nodules but also to deposits m the bones 

I have endeavoured to elucidate this process of centnfugal spread by 
cuttmg long sections of the tissue^ raiatmg from a primary growth 
of the breast into parts of the body still un^ected In the proximal 
portion of the strip — the parts that is to say nearest to the pnmary 
growth — 1 found large isolated nodules of growth Farther out in 
tissues apparently healthy to the naked eye and perhaps 6 or 8 m 
from the pnmary growth I detected what 1 have desenbed as the 
microscopic groiowg edge of the disease This edge could be reached 
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in whatever direction the section was onentated from the pnmarj 
growth itself It forms a narrow zone, a few millimetres wide, m 
which all the vessels of the lymphatic ple\us that receives the drainage 
•of the cancerous organ are choked by cancer-cells The detection 
0 * the real microscopic grow ing edge of a cancer forms the unshakable 
foundation of the permeation theory The grave difficulty remained 
that m the region nearer the pnmaty growth no permeated lymphatics 
could be found This difficulty was solved by the detection of the 
curative process of penlymphaitc fibrosis A permeated 1> mphatic is 
not a permanent structure The inflammatoiy reaction excited around 
the invaded Ijmphatic by the presence of cancer-cells wnthin it 
strangles the minute cord of cancer cells, and the onginal vessel is 
replaced bj a microscopic cord of fibrous tissue (Fig 803 } 

Here and there, however, the reparative process fails, and at these 
points within the circle of permeation nodular deposits of cancer form 
These isolated secondarj^ nodules have really arisen m continuity with 
the primary growth and m the track of the spreading circle of per- 
meation Their isolation is a secondary phenomenon due to the 
destruction by penlymphatic fibrosis of the permeated lymphatics 
which formed the lines of communication. 

The permeation theory probably' applies to every form of carcinoma, 
and also to melanotic sarcoma It has been confirmed m breast cancer 
by Bonney , Rowntree, and others Lenthal Cheatlc has observed 
permeation in carcinoma of the tongue, and I have demonstrated it in 
cancer of the rectum and of the stomach 
Visceral dissemination — A cancer, even if it onginates m the super-’ 
ficial structures, such as the skin or breast, often ultimately' destroys 
life by invading the vital organs Sooner or later, it may be after 
many years, permeation extendi, from the superficial lymphatics to 
the subserous. lymphatics of the pleura or the pentoneum, an event 
which soon JeacL to the escape of cancer-cclfs into the serous cav'ities 
The malignant celU, under the influence of grav’ity and visceral move- 
ment, spread widely in the serous cavity invaded, and implant them- 
selves afresh on the serous surfaces of the viscera, in which cancerous 
masses appear, and within a few months the patient succumbs A 
very' interesting example of serous invasion followed by this process of 
transcoelomic implantation is often seen in breast cancer 
Epigastric tmasion iii breast cancer — At the tip of the ensiform 
cartilage the fascial lymphatic plexus is separated from the subperi- 
toneal lymphatic plexus only' by a layer of fibrous tissue, the Iinea alba, 
and by loose subserous fat At or near this point, which is situated 
only' an inch from the margin of the breast, breast cancer often directly 
invades the abdomen The Iinca alba n, infiltrated by cancer-cells 
from the overlying permeated fascial plexus These cclU reach the 
subserous fat, permeate the subserous lymphatic’ plexus, and escape 
into the peritoneal cavity', where tliev implant themselves on the 
contiguous convex surface of the liver Other cells are earned by 
gravity into the pelvis, where they' attack the ovanes and the pelvic 
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peritoneum Thus extensive secondary deposits maj form m the 
abdomen before the thoracic cavit> shows an> sign of secondarv 
deposit 

Invasion of the pentoneum m breast cancer is now much rarer than * 
formerly Removal of the upper part of the antenor la> er of the rectus 
sheath is now a recognized step of the operation for breast cancer, and 
direct invasion below the ensiform cartilage is thus prevented 

Main processes concerned in dissemination. — ^The processes con 
cerned m dissemination are infiltration, permeation, lymphatic em- 
bolism leading to deposits in the l>mphatic glani, transccelomic 
implantation, and, m exceptional cases, blood dissemination b} 
embolism, or by the growth of solid plugs, of cancer-cells ’along the 
blood vessels 

Infiltration has only a local importance, but permeation, which can 
extend without let or hindrance throughout the lymph vascular 
system, is the main factor in dissemination 

Blood-dissemination. — Of late, owing to the undue stress laid on 
blood dissemination in R A Willis's work, “ The Spread of Tumours 
in the Human Body (Churchill, 1934), there has been a certain sway 
of opinion back to the old embolic theory But WiUis, though he was 
specially looking for evidence of b!ood*bome metastasis, appears only 
to have found it in about 86 per cent of his case» There is, of course, 
no doubt that cancer-ccUs obtaining access to the blood stream may 
cause remote secondary deposits There is equally no doubt that 
many such emboli are destroyed without causing metastasis (Schmidt) 
WiUis draws attention to the small size of many of the embolic 
secondary nodules he detected, but does not draw the natural inference 
that successful invasion by the blood stream only occurred a short time 
before death The lateness, and consequent surgical unimportance, 
of blood dissemination is further shown by the favourable results of 
operation for breast cancer in really early cases, before invasion of the 
axillary glands Blood dissemination in carcinoma, though in rare 
cases it may occur early, is usually an ante-mortem e\ent Other- 
wise surgical removal would be futile 


THE AIM OF THE OPERATION FOR MALIGNANT 
DISEASE 

It has been customary to speak of operations for cancer in terms 
of the removal of organs Thus the operation for breast cancer is often 
called an amputation of the breast This looseness of speech 
encourages unscientific operations It implies, for example, that a 
single standard operation is apphcable to all carcinomata of the 
breast, in whatever part of the gland they originate Some surgeons 
who have descnbed modes of operation for breast cancer make no 
attempt to vary tlieir procedure according to the point of origin of 
the growth 
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It Is wrong to speak of a cancer operation as an operation /or 
the removal of an organ, because carcinoma spreads from its point of 
origin centnfugaUy, with little regard to the boundaries of organs A 
carcinoma starting on the edge of the breast uill soon have spread 
beyond the limits of the breast on that side If it is treated by an 
''amputation" rapid local recurrence uiU take place where the knife, 
following the outline of the breast, had failed to get bey ond the grow th 

In general terms, the object of a rational operation for carcinoma 
(and for melanotic sarcoma) is the remoial intact of the -permeated area 
of the lymph-vascular system which surrounds the primary growth, and of 
the lymphatic glands which have been embohcally invaded along the trunk 
lymphatics of the area concerned 

The surgery of malignant disease is a department of lymphatic 
surgery , and lias nothing to do with the ablational surgery of organs 

1 The operation must be accumtcly centred upon the primary 
growth. — If cancer spreads by centrifugal permeation with approximate 
equality in aM directions, but with a tendency to foffow the plane in 
which the mam lymphatic plexus lies, it is essentnl that the primary 
grow th shall always be the central point of the mass of tissues ablated 

2 The plane requiring the widest removal is that in which the 
microscopic growing edge is situated— the plane, that is, in which 
IS situated the lympliatic plexus receding the lymiphatic drainage of 
the cancerous part 

In malignant growths of the superficial tissues, the skin and its 
appendages (among which the breast is included), the plane of maximal 
removal is the plane of the deep fascia To make reasonably certain of 
getting beyond the microscopic growing edge m an average case of 
breast cancer, I estimate for the removal of a circle of deep fascia 
30 or 1 2 in in diameter, and centred upon the primary growth Since 
far less skin needs removal, the skin flaps must be extensively 
undermined 

8 Planes adjacent to the plane of the main lymphatic plexus 
require to be ablated over a certain area conccntncally with the 
growth but less widely than the plane of the growing edge. — 
rhe planes to be considered arc (a) the skin and subcutaneous 
fat , (6) the muscles underlying the deep fascia The reason they are 
infected is that their lymphatics drain into, or communicate with, tlie 
fascial lymphatic plexus, from which permeation extends to them 
TJie reason they arc invaded over an area smaller than the circle of 
the grow mg edge in the deep fascia is that the canccr-cells for some 
time find it easier to proliferate m the meshes of the mam plexus than 
to fill up the narrow side-tracks which run into it 

(fl) Ablation of skm — Wicn cancer nodules ajipcar m the skm near 
a breast cancer, they spread centnfugallv away from the primary' 
growth This has been erroneously taken to prove tint the disease 
spreads in the jihne of the skm In this belief some ojicrators 
have sacrificed such extensive areas of skin that tliey have to resort 
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habitually to skin grafting The cunous thing was that skin nodules 
continued to appear bejond the extensive area of skin remo\ed The 
attention concentrated upon the skin was duerted from the deep 
fascia m which the unrecognized microscopic growing edge laj 
concealed read} to effloresce later m the form of skin nodules as 
permeation extended to the skin at isolated points 

In breast cancer I ha\e shown conclusively that removal of a circle 
of skm 4 or 5 m m diameter centred upon the primary growth is 
sufficient in nearly all cases to prevent recurrent skin nodules proiided 
that the Microscopic grouing eigc ts ablated by a wide removal of the 
deep fasen This conclusion amved at bj histological work m 
the laboratory has been ampi} confirmed by clinical expenence 
The hKtory of this subject is an excellent example of the value of 
pathological research in checking operative excesses 

(i) Removal of muscle— The need to remove a layer of muscle 
subjacent to the pnmarj growth depends on the extension of per 
meation from the fascial 13 'mphatic plexus into its muscular tnbutanes 
As far as possible the lajer of muscle removed should attain its 
ma.\imum thickness juat beneath the prunarv growth and should 
become thinner towards the penphet} of the operation area But for 
several reasons ablation of muscle cannot be earned out m the «ame 
stnet conformity with the law of centrifugal spread as is possible and 
desirable with the skin and deep fascia For in the first place once 
a muscle is invaded by cancer its contractions probably lead to a wide 
dispersion of cancer cells in the direction of its fibres between the 
muscular bundles so that the whole muscle must be regarded as 
suspect In the second place it is useless to scoop out a circular 
portion of muscle on the centrifugal ptmciple befiause the remaining 
portions will be functional!} useless and mi} become a cicatnx 
hampenng the movements of adjacent joints 

The present practice in removing muscles appears to be correct 
In breast cancer ongmating in the upper part of the breast the whole 
of the great pectoral and in other cases the whole of the muscle except 
its clavicular fibres should be removed as Halsted recommends The 
removal of this muscle is essential not onl} on account of its close 
relations with the breast but also in order to reach the ape.\ of the 
axilla The minor pectoral which is in direct contact with the breast 
along its lower border should also be taken awa} Furtliermore it is 
important to remove a layer of the digitations of the serratus magnua 
which lie in direct contact with the deep surface of the breast This 
point has I believ e been ov erlooked A superficial lay er at any rate 
of the digitations of the external oblique which arise from the 5th and 
Cth nbs requires removal for a similar reason 
An outstandmg semce of Halsted to breast surgery is that in e\ ery 
case he insisted on the removal of the sternal portion of the great 
pectoral This step found many opponents who asserted that it 
produced senous disability As late as IDOS) the weight of French 
surgical opinion was opposed to ablation of the pectoraL As a matter 
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of fact, if the after-treatment is properly conducted, the disability 
IS negligible 

Speese has ended controversy bv a paper recording the examination 
of the great pectoral in 100 consecutive cases The muscle, or the 
pectoral fascia m contact \\ ith it, show ed cancer in 87 cases In 5 
cases in which the growth was free from adhesion to the muscle there 
were, nevertheless, metastases in the muscle 

General considerations in the removal of lymphatic glands. 
— The systematic removal of possibly infected lymphatic glands is 
imperative in all malignant tumours, except those which are definitely 
known not to disseminate by the lymphatic system The exceptions 
include rodent ulcer, many of the less malignant sarcomata, and 
carcinomata arising at points where the lymphatic system has pre- 
viously been destroyed by a lymphangitis Of the last class, epi- 
thelioma arising on a scarred area of lupus may be taken as a type 

It has been commonly believed that the sarcomata do not dis- 
seminate by the lymphatic system I have pro\ed that this is quite 
erroneous in melanotic sarcoma it is probably untrue of many other 
sarcomata Therefore, except in the fibro sarcomata removal of the 
glands should be the rule It should never be omitted m sarcoma of 
the tongue, the testis or the tonsil, in penosteal sarcoma or in sarcoma 
of the breast 

In general terms the glands requmng removal arc those which 
receive the lymphatic vessels of the area where the malignant grow th 
arises The task is not so simple as it seems In the first place, 
afferent lymphatics may pass by the first set of glands thej reach and 
may run directly to the set above Thus, lymphatic vessels often run 
directly from the breast to the highest axillary glands and these may 
be cancerous when the lower axillary glands are still free Again, in 
the tongue, as Jamieson and Dobson have shown, some of the lymphatic 
vessels may pass directly to the lower deep cer\ ical glands instead of 
entering the upper deep cervical glands Moreover, every infected 
gland IS Itself a centre of infection for the glands farther off It is 
true that for a long time a gland filters off the cancer-cells w Inch reach 
it , but sooner or later the grow th permeates to its efferent lymphatics 
which are afferent to the glands higher up In this way the supra- 
clavicular glands are often reached in breast cancer, or the iliac glands 
when there are secondary inguinal glands 

It must not be forgotten tliat in its early stages gland infection is 
a microscopic and clinically inappreciable process Accordingly, the 
fact that no enlarged glands can be felt does not absolve the surgeon 
from the duty of performing a complete gland dissection if the growth 
is one w hich habitually disseminates by lymphatic channels Only in 
very old and feeble patients can a relaxation of this rule be allowed, 
and Its neglect is a frequent cause of failure 

A pnmarj’ growth may, by infiltration or permeation, reach an area 
which has a different Ijanphatic drainage from the. area m which it 
originated Hcncc a knowledge of the respective catchment areas of 
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the different sets of l^miphitic glands is \er> important Thu» in a 
late stage of breast cancer, when the disease has permeated across the 
middle line the opposite a\illaiy glands recene cancerous emboli 
along their trunk lymphatics Their enlargement indicates that 
permeation has crossed the middle line into their catchment area 
If a grow th onginates in or near the middle Une, tw o sets of glands 
w ill require removal the glands of the two contiguous areas concerned 



Fig: 306 — Rodent nicer before excision 


If a grow th originates at the le\ el of the -umbilicus some w ay from the 
middle line both the axillary and the inguinal glands on that side must 
be removed If a growth originates at the umbilicus itself then if 
possible four sets of glands should be excised — those m both axilhe 
and both groins 

If a growth originates just above the level of the umbilicus away 
from the middle line removal of the axillary glands on the affected 
side will suffice if the growth is early, but if it has already infiltrated 
or permeated down to the level of the umbilicus, then in addition the 
inguinal glands of the affected side must be remov ed 
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Decussation of lymphatics — Gland removil is complic'ited bj the 
fact that lymphatic trunks originating on one side of the body may be 
afferent to glands situated on the opposite side Ihe decussation of 
lymphatic trunks across the middle line is especially rich in the tongue, 
and Jamieson and Dobson have shown that the only portion of the 
tongue which discharges exclusively into glands of the same side is 
the postenor two thirds of the lateral margin Accordingly only in 
cancer of the lateral margin of the tongue is it reasonably safe to 
restrict gland removal to the glands of the same side 
Comitance of lymphatics and blood-vessels — Lymphatics and blood 



Fig 307 —Same case as Fig 306 alter eaasion 

vessels run in parallel and closely contiguous courses Lach small 
artery and vein is usually accompanied by tuo lymiphatic vessels If 
the latter become permeated their rupture may be followed by 
infiltration of the wall of the comitant vein Tlie growth may thus in 
a late stage obtain access to the blood stream as I have demonstrated 
in melanotic sarcoma 

It IS difficult to pursue the subject of this chapter into detail without 
trenching upon the province of those who have dealt with the surgery 
of cancer of the various organs Tliere arc, however, two vaneties of 
malignant growth which have no definite anatomical location On 
that account they arc usually passed over m works on ojjcrative 
surgery , and, as a natural setjuence, their operative treatment is ofU 
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very inadequate These are rodent ulcer and melanotic sarcoma of 
the skin Their consideration viill lUu^»trate the principles governing 
the operative treatment of (1) a malignant growth which has no 
tendency to disseminate , (2) a malignant growth w'hich disseminates 
by permeation of the lymphatic system 

(1) Operative Treatment or Rodent Ulcer 
Rodent carcinoma or rodent ulcer, presents certain peculiarities 
which place it, as regards treatment, in a class apart from most 



Fig 311 — Adraneed case of rodent ulcer treated unsuccessful!/ 
b/ radiation 

Tbc eye h-id been dntroyed, and the (crmelh cxieiu) d bvk into tbe orbit The dotted line indicates the 
thin IndtliHi The twoMImrlni: &snm<hu<ir iheop'-railon. 

malignant tumours Chief among these pcculianties is the fact that 
it docs not disseminate, and that consequent!} ablation of the primaiy' 
tumour IS the surgeon’s sole object fins alone, howeier, is often a 
business demanding all his resolution, for he is frequently called upon 
to operate m a late stage, either because the patient has not previously 
souglit treatment or because attempts to cure the disease by radium 
or X-ra\s have been too long maintained 
Tlie choice between radiation and operation. — Wlule sonic rodent 
ulcers yield rapidly and complcicl} cither to X-rays or radium. 
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others proie refractor} or relapse aften penorl of apparent cure and 
there is no means of telling bcforelnnd iihich of these crents mil 
happen To counterbalance its unecrtainte treatment be radiation 
possesses the ade antages that it ae olds an operation and that the scar 
is often inconspicuous In m) opinion operation should be preferred 
to or substituted for radiation in the follouing classes of rodent ulcer 
(a) 11 here the disease is a small iiicipieiil plaque iii uhieh iilcera'wit 



Fig 3t2 — Some cue as F g jft^aUcr block removal of aRecteil parts, includ ngportion 
of Ironul nasal lacrjmal, and cthmo d bones and super or maxiUa. 

A Franti] dur» lailrr ■ RfTniia ef ocN r C Hhv*1j 1 t tlx i* IbLi i csocM* cf n* a! Miritr 
t >U* lUry anlnun. r 2 -om o TempvJ oiwb- Tw Inwj trur* h* ka p-l [• whicfc 

U a nl l« 60 op tb tarxil g p 

has hardly bef^un — Tlie opcnlion is a tmn! iffair IcaMng a srtnll 
linear scar It is true that m most cases the application of radium 
for a few hours will produce complete cure but the dread of local 
recurrence is more absolu(cf> excluded by operation Kiditim 
treatment is preferable if the growUi is near the eye Mam sur{,t'ons 
and most radiologistb prefer radium to operation for all c-tres of «l^-> 
class and \Mthm a fc« >car; as radium methods Ix-come stan I ardized 
their \ieus ma> pre% ail , 

(b) n here ike disease has reatrre^ ajier a^f-arent’} coinf^lete cure (A 
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radialton —An exception may perhaps bs made m those cases where 
an operation involves serious disabiht^^ or an especially disfiguring scar 
but in the surgery of malignant disease an ugly scar or the loss of an 
eye may be the price of success 

(c) Where the disease remains actne at Ihe end of three vwnths from 
the tune radiation treahnent began — ^The type of rodent ulcer which 
responds sluggishly to radium or X rays appears to be especially liable 
to relapse even if complete cicatrization is at length obtained 

(d) In cases where the nicer has exposed a bone has attacked cartilage 
or the conjunctiva or has ea^en deeply into soft tissues — Rarely if ever 




.. 

F*g 313 — Same case as Fig 311 aller healing had taken place 


IS radiation successful when once the disease has attacked a bone or 
has affected the conjunctiva 

Tlie failure of radiotherapy to deal with rodent ulcer of the con 
junctiva may be ascribed to several causes The dosage is restneted 
by consideration for the safety of the eye The conjunctiv a is closely 
related to the lacryanal bone and the antenor ethmoidal cells If the 
disease attacks the conjunctiv a near the inner canthus the usual ev ent 
tlie disease probably attacks the ethmoid at about the same time In 
this bone it spreads rapidly and secretly extending far back along the 
inner wall of the orbit without giving extenml manifestations of its 
presence Insuchacase removalofthccyeisanecessary preliminary 
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to treatment of the ethmoidal extension of the disease and the orbital 
fat after remo\al is often found to be infected 

Principles of operafne Ircatraenl —Rodent ulcer is one of the 
feu forms of malignant growth where the pnmitive method of cancer 
surgery— the cutting out of the pnmm lump u ith a margin of health\ 
tissue — IS still the method of choice Every infirmary contains an 
example of the dreadful ultimate fate of some of the \nctims of this 
disease— the comersion of the face into a gaping chasm The 
remembrance of such cases bnngs the comiction that even when 
operation in\oUes the sacnfice of an eje or the remoMl of part of 
the frontal bone the nasal bones or the maxilla the patient should be 
earnestly ad\ised to submit to the ordeal 

The method in these ad\anced cases is brutally simple and it mij 
be described as a block dissection including bone remorselesslj 
pursued without regard to anatomical considerations It is not 
generally realized how safely w ide ablations of this kind can be made 
in face and forehead Many cases of rodent ulcer are labelled inoper 
able which could be cured or reliexed for some jears by bold operatne 
measures The ulcer is surrounded at a distance of not less than J m 
from Us margin by a nng incision which extends down to the bone 
Into this incision a chisel is introduced and with a mallet a similar 
annular groove is cut m the undcrljang bone or bones Tlic chisel as 
in a recent ca«e of mj owai maj perhaps have to traverse the floor 
of the orbit the nasal bones the supenor maxilla and the malar bones 
It is now introduced beneath the mass thus outlme<l which by a 
combination of mallet blows and judicious leverage is separated from 
Its deep connections It is very undesirable to open up the na^al 
cavaty the mouth or the frontal sinus if this can be avoided Even 
when the overlyang bones are involved if care be exercised thev can 
be stnpped from the underlyang mucosa without injury to the latter 
If the whole thickness of the frontal bone has to be removed speaal 
care should be taken to avoid septic infection of the exposed dura 
mater 

HTmorrliage may be troublesome but the parts are «« freely 
exposed that it is unlikely to be dangerous If after ty mg off spurting 
vessels there is still persistent free oozing the cavity may be packed 
with gauze wrung out of I m 1 000 flavine and the plastic part of the 
operation deferred In cases where the nasal cavity may be opened 
dunng the operation the nostnl on the affected side should be 
previously plugged with gauze 

Plastic repair of the gap — ^By the use of scalp or neck flaps 
combined if neccssarv with transplantation of costal cartilage the 
majority of extensive gaps in the face can be satisfactorily repaired 
In this respect w ar experience w ill m the future come to tlie aid of cnal 
«!urgery Even if the strain of an extensive plastic operation cannot 
be borne it is surprising how mucli natural cicitrization will reduce 
the size and unsightliness of the defect 

lUuslraltie case — The patient aged about 55 bad for sixteen ywra 
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suffered from a rodent ulcer of the right side of the face It began 
near the inner canthus, and at the time he came under observation it 
formed an irregular ulcer involving most of the right side of the face, 
and exposing and infiltrating the nght supenor maxilh above its 
alveolar border, the nght nasal, lacrymal, and inferior turbinate bones 
(Fig 300 ) The eye w as shrunken and destroyed , the grow th had 
destroyed the lower eyehd, and was infiltrating the inner part of the 
upper one The ulceration extended over the middle line of the nose 
nearly to the left naso facial sulcus The nght nostril was entirely 
destroyed Below the growth extended to within ^ in of the free 
margin of the upper lip but it did not involve the mucosa of the mouth 
nor extend to the alveolar border It was thus possible to operate 
w ithout opening up the oral cavity Externally , the grow th extended 
to the outer part of the malar eminence 

The operation was simple m pnnciple and did not take any nice 
regard of anatomical stnictures of secondary importance The grow th 
w as surrounded at a safe distance by an annular incision dow n to the 
bone The chisel was then applied to the bones at the bottom of this 
incision and a block of the bony tissues of the face was removed along 
with the superjacent growth and the shrunken eyebill and fatty 
contents of the orbit The ablated mass contained most of the maxilla, 
without Its alveolar border and posterior margin a portion of the right 
malar, ethmoid, and inferior turbinate bones the nght lacrymal both 
nasal bones and portions of the nasa! cartilages Bleeding was 
troublesome 

The cavity left after remoVal of the mass presented at the bottom a 
circular bony cell, the posterior third of the antrum of Highmore 
On the inner side was the nasal septum, and above was the posterior 
part of the orbit The laciymal gland was included in the excised 
tissue 

A large flap wuth a pedicle below was now marked out on the side 
of the cranium, was raised from the epicranial aponeurosis and brought 
foniard to cover the gaping chasm The denuded area of scalp was 
at once grafted from the skin of the thigh The patient seemed little 
tlie worse for this severe operation and made a rapid and apyrexnl 
recovery, with \ery great improvement in his genera) hea)t)i and 
appearance (Fig 807 ) 

In 1921 (three years after the operation) the disease recurred about 
the right nostnl, m the region where the operation was restricted in 
order to avoid opening the mouth cavity Here a tube of radium was 
buned, and the disease was again checked In 1922 the grovsth was 
spreading back within the right side of the nose The patient was 
subsequently lost sight of Tlie lesson of the case is that radical 
operation should not be postponed too long 

The place of plastic surgery in Ibe treatment of malignant disease — 
An operation for a malignant tumour has two stages* (1) the 
ablation of the diseased tissue vviUi all its microscopic extensions, 
(2) the repair of the defect tlius created 
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Some surgeons have been led to adopt methods in which the first 
of these objects is sacrificed to the bnUiant attamment of the second 
vvith necessanl} unsatfcfactoo results The removal of the cancer 
must be the operator s sole concern m the earl> stage of the operation 
(bigs 314, 315 ) Onl} when this has been done must he begm to think 
how the resulting gap is to be closed (Figs 316, 817 ) If the flap:, 
cannot be brought together, simple skin grafting is usuallv the best 
resource In exceptional cases, especiallv in the face and scalp, a 



Fig 314 — Case of rodent ulcer of many years standing 

Tb« ironul bone was exposed and u&Itnted u tbe tnoT of tbe ulcer which bad cantlaand la pi o gr n in 
spile of penuieni X-ra^ (reatmeot. Befose tbe patimt came under tbe wnter'i care, operation bad tpeen 
tefised, ibe case bnns regarded as boTwjns Tb« <1‘> ted Im indicates tb akuiBKbion. 

plastic operation b> a pedicled flap mav be desirable, though rareh 
essential 

Rodman, in condemning plastic procedures in breast surgerv alter 
ten y ears’ experience, states that the\ secure eas} pnmai^ coaptation 
at the expense of an abiding result and this appeal^ to be a fair 
judgment He adds " The> are inadequate, disappointing, and do 
not meet the pathological requirements necessarv in dealing with an in 
filtrating and disseminated malignant process The priman defect with 
all of them is that thej subordinate a radical cure to the canjiog out 
of a preconceived plan which will do xery well tit some cases when the 
lesion is favourabl> situated, but will fail m mam, perhaps most, in 




Fjg 31S — Same «ase, showing ojrtent of (rontal bone 
removed m one piece with the ulcer, together with 
margin of surrounding healthy scalp 
Tbe dgri mater Is eipesed In «h« floor »( the wound hriow, tbr 
frontii) uoilMS have hern rvl arro» 



Fig. 316 — Same case, showmg gap in frontal bone 
filled up by shavings of costal cartilage, held in position 
by catgut interlacement gnpplng edges of periosteum. 
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stances ^vhe^e the} are practisecj I cannot doubt that he who emplo} s 
them wnllfindhimself sooner or laterthe \nctim of shattered hopes and 
defimteh put them on one side as allunng and convenient for the 
surgeon but an enormous handicap to the patient This condemnation 
appears to be none too strong 

One of the most attractive of the plastic operations for breast cancer 
IS the method of Tan^mi in which a large flap cut from the scapular 
region with its pedicle near the edge of the latissimus dorei is brought 
forward to fill up the gap To ensure the vitality of this flap the deep 
fascia at the edge of the latissimus must be preserv ed But if this i* 



Tbc flap B fir* &!taed poi ertorlr bv an tiKwon Ui' tttux of the ikull from ear to ear next loowned 

tram cx deep craneaions, lea -m$ tSe pmstetmi onlf (o rover (be boce aad thea posited (otmarifa ever tb' 
trcrlal regn Ic as evMVed'e Bsu oied o (be lover ede* of tbe franUJsic a inarm Tbeban area of 
pervsteum I'd at (be tutstn of (be tkoll u roveml v ib akiB-^nfts takes from tbe Uugb Tbe vbok 
operauoo W35 performed at ooe K tis^ and beabn vjxrmspletev bra a fcetajcbt Tbe patiest remained 
irell fee ever three peara but si jnutdv died of ree ur ren e e 


done It IS \er\ probable that a portion of the permeated area of the 
deep fascia near the base of the flap wtU be left intact to reproduce 
the disease 

Closelv related to the fallacies of plastic surgerj are lU advised 
attempts to preserve structures Iving in close relation to a mahgnant 
growth sunpl> because thej are of great functional importance 
Examples of this are seen in attempts to preserve the eye when a 
rodent ulcer has alread> attacked its conjunctiva In rectal car 
cinoma attempts to preserve the anal function bv leaving behind the 
anus and its muscles generalU end m recurrence in the-'e structures 
Onlj in growths which do not tend todissemmate do plastic procedure 
as 1 rule commend themselves 
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(2) Oplrative Trevtment or Mcl\notic Sarcoma 

Ribbert has shown conclusiveh , I think, that these tumours are 
never carcinomatous, though some pathologists arc still inclined to 
believe in their epithelial origin 

Mode of spread of melanotic sarcoma — It maj be fairl} presumed 
that a primary melanotic sarcoma spreads from its point of origin in 
the same way as the disease is known to spread from a secondanij 
infected gland Thatistosat sarcoma cells obtain access to the small 
Ijmiphatics vhich run from the skin to the deep fascial plevus Per- 
meation extends along them, and an area of the deep fascial plexus 
immediately beneath the growth becomes choked bj sarcoma cells 
The circle of permeation now spreads with greater readiness in the deep 
fascial plexus, involving a circular area of this plexus with the primary 
growth at its centre In operating the essential point, to pre\ent 
local recurrence, is therefore to remo\e a considerable circular area 



Fig 31S — Drawing { natural size of franstucent strip of skin and underlying tissues 
taken in a radial direction from a focus of melanotic growth m the inguinal glands to 
demonstrate centrifugal spread of permeation Note that the growth extends much 
farther along the deep fascia than along the skin or in the muscle 
HandUy s Cmtar 9/ tht Briiul 

A Skis fl Subcit^nmiM /it ifpirited by the datp /jfdt Iroat c m ihia liver ol muscle o Minfin ol 
mm 01 prow lb m ihe slluilioo of tb« laruiiu) slands 

of the deep fascia round the pnmarj growth After a time just as in 
breast cancer, the small tributary hmphatics which run into the 
permeated area are themselves permeated Tlus necessitates the 
removal of a smaller circular area of the muscles beneath it and of 
the skin over it (Fig 818) 

The question now arises whether the trunk lymphatics running from 
the primary growth to the glands should be removed Although for \ 
long time the lymph stream clears them and keeps them free from 
infection, there can be no doubt that the ideal plan is to excise the trunk 
lymphatics in continuity with the primary growth and the glands 
Sometimes this is troublesome, on account of the great distance 
between the growth and the glands, but I have excised a bridge of 
deep fascia extending from the base of a finger up to the axilla 

Removal of the Ijrmphatic glands — Writing in 1902, Eve said 
“The removal of the nearest chain of lymphatic glands, whether 
palpably enlarged or not, should never be omitted , for it may be 
taken as a matter of certainty that in a great majority of cases they 


Fig 331 — Und«miiRing of skin has be*n completed 
\ nrtlf ol dcrp f ueU, 4 S n in dui hi* Iwi czpawd. »bH hii* bwo timanvribfd by a nnjf tntnkB 
down tn ih* ininO«* Wvin* hove^rr a ViOc ol ti^4 I la «U<' ■b'mbr trunk Impbalin pa** oui 
towards Ihr (Und* Thii brvl«« u not IV opmtar sow prono li to n w op » Ih a lrtn<r 

of iiwp fjKia from (he un Wlvinv a wie all round lar about I la Hr brtt brKVI* to Km ch ( a« hr 
appraorbr* Ibr crfMi of ih t omr a M>rr of tbo tubtacra preuutubir irjR ltd m nrlr IbofhKkAn* 
•I ihlifj '•r rra hr* fuinatiaiuni at ihrrmuref the fi'li ofotwraUHL 
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thin attached layer of subcutaneous fat, is no^% separated from the 
deeper structures for about 2 in in all directions round the skin incision 
At the extreme base of the skin flaps a nng incision doum to the 
muscles surrounds and isolates the area of deep fascia and oierljmg 
deeper subcutaneous fat to be removed (Fig 321 ) This ring 
incision, however, is not a complete circle On the proximal side, 
where the trunk lymphatics leave the infected area of deep fascia, a 
bndge of deep fascia perhaps 2 in wide is left The isolated fascial 
area is now dissected up from the muscles beneath, to a line x\hich 
corresponds ^vlth the circular skin incision Finally, the mass of 
isolated tissues, uith the growth at its centre, is freed by scooping out 
With a knife a circular area of the muscle immediately subjacent to 
the growth It remains attached onlv by the undivided bridge of 
deep fascia which carries the trunk Ijunphatics of the affected area 
(Fig 322) 

Removal of the taink lymphatics — A linear skin incision is now made 
along the length of the limb, starting from the upper end of the existing 
skin incision and extending to a point directly over the first set of 
lymphatic glands The skm is reflected for 1 m on either side, 
exposing a band of deep fascia 2 in mde connecting the pnmary'grow th 
wth the glands Starting below, where the pnmary growth remains 
attached to it, this band of deep fascia is dissected up from the sub> 
jacent muscles until the region of the glands is reached Its con- 
nections above with the gland must not be se\ered, but the skm 
incision may be conveniently sutured nearly to its upper end 

Removal of the glands — ^The incision i> now extended over the region 
of the glands In the axilla a linear incision suffices, and m the groin 
IS preferable to a T shaped incision wuth the transverse hmb following 
the line of Poupart’s ligament The latter incision is apt to be followed 
by sloughing of ill-nounshed skin Skm-flaps are reflected 4ome little 
way’, as over the primary’ tumour, m order to excise a certain area 
of the surrounding deep fascia along with the glands An edge of 
deep fascia is raised up all round, and the mass of glands is then 
dissected away It comes away still connected by a long bndge of 
deep fascia with the pnmaiv growth 

Removal of the next higher setofglands — To make the operation an ideal 
one, it IS necessarv , in the lower limb, to remove the glands along the 
external iliac arten which, though unenlarged, are probably infected 
microscopically In a case operated upon some years ago, though 
no gland could be felt above Poupart’s ligament, a black, enlarged 
gland was found at operation upon the outer side of the external iliac 
artery In the same case the micro'cope showed permeated lymph- 
atics in the ablated area of fasaa excised along with the inguinal 
glands Similarly, in the upper limb the supra-clavicular glands 
should be removed These procedures should be carried out through 
separate incisions, and may often be licst deferred to another occasion 
if the operation has alrcadv' taxed the patient's stamina 
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gation of the first incision into its fomix, and uas completely cleared 
of its fat and glands The supradav icular glands ere then removed 
through a separate incision The patient made a good recovery 
About a year later a recurrent nodule appeared over the lower part 
of the triceps at the back of the arm It w as excised on December 1 5th, 
1909, and, on section, was found to be a typical sarcoma, unpigmented 
and degenerate at the centre (It is well known that unpigmented 
metastases are not rare m melanotic sarcoma,) This patient died in 
1930 of an independent disease and without recurrence of the melanotic 
grow th 

For many j ears I believed that this w as the first case of melanotic 
sarcoma to be treated on scientific lines I was wrong The late 5Ir 
J Hogarth Pringle of Glasgow as early as 1898 had begun to operate 
on precisely similar lines His operation w as based upon the clinical 
observation that in melanotic sarcoma nodules may appear along the 
line of the trunk lymphatics intervening betw een the pnmary grow th 
and the regional I 3 mphatic glands 

Mr Pringle,* m desenbing two cases upon which he had operated, 
wrote " A radical extirpation of this disease will most certainly be 
ensured by excision of the tumour with a good zone of healthy skm 
around it, and a somewhat larger zone of the underlying subcutaneous 
tissue and deep fascia, along with a broad strip of subcutaneous fascia 
up to and including the nearest anatomical group of glands at least , 
and all that is removed should be m one continuous strip ’* 

In the Lancel\ Mr Pringle was able to record that both these cases 
operated upon respectively m 1898 and 1900 the only ones of melanotic 
sarcoma upon which he had operated still remained well m 1937, 
though the glafids showed secondary' deposits at the time of operation 
in both Mr Pringle’s cUnical acumen anticipated the results of my 
pathological researches of 1907 08, and he was the pioneer of the 
adequate treatment of this disease 
By viay of contrast I may bnefly record here a case which came 
under my notice recently An enlarging mole was removed under local 
anajsthesia by the patient s practitioner from the back of the neck on 
the left side Shortly aftenvards a gland appeared m the postenor 
triangle It was remov'ed under a local anesthetic A second gland 
appeared almost at once and was removed under a general anaesthetic 
When I first saw the patient a few months later, a fixed dusky indura- 
tion occupied the whole supraclavicular region and dullness at the 
base of the homolateral lung indicated extensive secondary deposits 
in the pleura 

DIATHERMY IN MALIGNANT GROWTHS 
If a high voltage alternating current is passed through the tissues 
of the body, they become hcat^ m the same w ay that a w ire is heated 
by the passage of a current through it The heat is produced in the 

• EJ>t AftJ Ji^tn^ Jun- IW N5 itbi. 4M 
1 1 fb 27 1937 I 509. 
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Operation for melanotic sarcoma of the face.— The monobloc 
type of operation descnbed is specially difficult m melanotic sarcoma 
of the face, but it is feasible In a recent case of melanotic sarcoma 
of the middle of the cheek, recurrent after an inadequate operation, m 
a 5 oung man. no enlarged glands could be felt, but exploration sho\«.ed 
black glands beneath the parotid fascia and along the mam deep 
cervical chain The portion of tissue removed m one piece b} a 
troublesome dissection included the primary growth with a margin of 
skin and fascia, a band of fascia passing across the cheek and over the 
parotid gland, and all the glands of the mam chain from the base of 
the skull to the sterno-clavicular joint Facial paresis resulted, but 
was not ultimately very noticeable The patient remained free from 
recurrence for nearly two j ears after the operation,* but then developed 
signs of general melanosis, probably due to blood-dissemination It 
IS of special importance to notice the absence of any clinical evidence 
of infection of the glands 

Prognosis after operation — Melanotic sarcoma is generally regarded 
as one of the most deadly and hopeless of malignant growths My 
impression is that this evil reputation springs less from the inherent 
malignancy of the disease than from haphazard and unscientific 
methods of operative treatment 

On account of its ranty, no individual can collect statistics of results 
I may, however, briefly record a case m which the foregoing principles 
were successfully applied, although when first seen the growtli was 
recurrent and the axilla was full of malignant glands 

Illustrative case — Miss C , aged 40, sent to me by Dr Burstal, of 
Staines, on October 21st, 1009 In September, 1007, Dr Moreton 
Palmer removed an ulcerated papilloma which had been present on 
the dorsum of the left wrist for three or four years In September, 
1908, some small lumps were removed just above the epitrochlear 
gland These lumps were subcutaneous and not glandular A week 
or two later a small dark nddule appeared just below the incision It 
was removed under local anresthesia, and was reported as a malignant 
melanoma Subsequently the patient suffered much pam in the 
bicipital region, thought to be due to an inioKement of nerves in 
the scar On examination I found a vague induration runnmg up the 
axillary vessels about the middle of the upper aim, midway betw cen 
the axilla and the scar of the second operation, and it appeared probable 
that the growth was recurrent Moreover, a large gland, nearly as big 
as a chestnut, could be felt in the axiUa I therefore advnsed a thorough 
operation which should include removal of the supraclavicular glands, 
clearing the axilla, and excision of the deep fascia, extending from the 
axilla almost to the elbow The patient consented to the operation, 
and was admitted to the Bohngbioke Hospital A semilunar flap of 
skin, inv olvmg most of the inner aspect of the arm w as turned back, 
and the deep fascia was widely removeti, with exposure of the brachial 
vessels and accompanying nerves Tlie axilla was ojiened by a prolon- 

•The eas» isillustr»l«din IVslgrwIaate S irgwjf lyRwIneylUf got Vot III 
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gation of the first incision into its fomix, and w as completely cleared 
of its fat and glands The supraclavicular glands u ere then removed 
through a separate incision The patient made a good recovery 
About a year later a recurrent nodule appeared over the low er part 
of the triceps at the back of the arm It iras excised on December 15th, 
1909, and. on section, was found to be a typical sarcoma, unpigmented 
and degenerate at the centre (It is well known that unpigmented 
metastases are not rare in melanotic sarcoma,) This patient died in 
1930 of an independent disease, and without recurrence of the melanotic 
grow th 

For many >ears I believed that this was the first case of melanotic 
sarcoma to be treated on scientific lines I was wTong The late Mr 
J Hogarth Pringle of Glasgow as early as 1898 had begun to operate 
on precisely similar lines His operation was based upon the clinical 
observation that m melanotic sarcoma nodules may appear along the 
line of the trunk lymphatics mterv'enmg between the primary growth 
and the regional mphatic glands 

Mr Pringle,* m describing two cases upon which he had operated, 
wrote " A radical extirpation of this disease will most certainly be 
ensured by excision of the tumour with a good zone of healthy skm 
around it, and a somewhat larger zone of the underlying subcutaneous 
tissue and deep fascia, along with a broad strip of subcutaneous fascia 
up to and including tlie nearest anatomical group of glands at least , 
and all that is removed should be m one continuous strip *' 

In the Lancet^ Mr Pnngle was able to record that both these cases, 
operated upon respectively m 1898 and 1900, the only ones of melanotic 
sarcoma upon which he had operated, still remained well m 1937 
though the glarids showed secondary' deposits at the time of operation 
m both Mr Pringle's clinical acumen anticipated the results of my 
pathological researches of 1907-08, and he was the pioneer of the 
adequate treatment of this disease 
By way of contrast I may briefly record here a case which came 
under my notice recently An enlaipng mole was removed under local 
an'tsthcsia by the patient's practitioner from the back of the neck on 
the left side Shortly afterwards a gland appeared m the posterior 
triangle It was remove<I under a local anaisthetic A second gland 
appeared aJmost at once and was removed under a general aniesthetic 
When I first saw the patient a few months later, a fixed dusky indura- 
tion occupied the whole supraclavicular region, and dullness at the 
base of the homolatcral lung indicated extensive secondary' deposits 
in the pleura 

DIATHERMY IN MALIGNANT GROWTHS 
If a high-voltage alternating current is passed through the tissues 
of the body, they become lieatcd m the same w ay that a w ire la heated 
by the passage of a current through it The heat is produced in the 

• E4ih UtJ J»un Jun- 1908 xxUl, 
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tissues not conveyed to them from a heated electrode^ as in the 
ordinarj electro-cautery The effect produced vanes from a pleasant 
vaimth to unbearable heat and coagulation of the tissues Their 
contained wafer boils and corner off as steam and a desiccated eschar 
IS left 

Two dissimilar electrodes are used in surgical diathermy in which 
a cautenzing action is desired \ large neutral electrode consisting 
of a metal plate covered with lint soaked in strong salt solution (10 per 
cent ) IS placed behind the loins The skin may & burned if this elec 
trode IS too small if it does not make proper contact with the skin 
over its whole area or if a fluid of high electric resistance such as water 
or ueak salt solution is used to moisten the pad The active electrode 
IS a needle in an insulated handle 

Operation by diathermy — The replacement of the scalpel by the 
diathermy needle as a cutting agent though attended by great technical 
advantages presents certain countervailing risks ThOie who have not 
seen the method m use and have not had considerable practical expen 
ence of diathermy for smaller operations w ill be vi ell advised to adhere 
to the scalpel for large operations such as that for carcinoma of the 
breast 

Choice of apparatus —Many forms of diathermy apparatus quite 
satisfactoiy for medical purposes are useless to the surgeon because 
they are deficient in the essential quabty — rapiditj of cutting VMth 
mimmal cauterization effect The best Amencan machines such as 
the Wappler are practically unavailable in this country for lack of 
agenc) and service A good alternating current machme is supplied 
b} Schall or b3 the General Radiological Companj Smee new models 
of English make are now being introduced the best advice that can 
be given is to make tnal of different machines for actual operations 
and to purchase the one w hich cuts most easily and leav es an uncharred 
surface 

The active cutting electrode is a blunt needle well insulated in a 
non conducting handle The current is controlled by a foot switch or 
better by a technician in attendance The electrode is sometimes 
made IB the Sorm cS a \xaSe hvt the sunfOe BpedJe is better becau:>e it 
secures a maximum concentration of the current at one point rather 
than its diffusion ov er a surface or edge Rapid cutting is thus facili 
tated Smee it is the spark rather than the needle which is the cutting 
agent httle resistance is felt w hen the instrument is v\ orking properly 
The tissues melt away before the needle which should be employed 
delicately w ith light rapid strokes Prolonged contact of the ne^e at 
any one pomt is certain to produce a slough and to impenl primary 
union 

The diathermy needle may be employed for two distinct purposes— 
either to coagulate and destroy a mass of tissue in silii leav mg it to be 
separated later as a slough by the natural proc^ses or as a substitute 
for the scalpel to cut out and remove an area of tissue 
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When the firs.t edition of this book was published diathermy used 
in one or other of these two modes had largely replaced the knife m 
the treatment of cancers of the oral cavity If an oral growth has to 
be excised diathermy remains the best method But in this field 
diatherm> is now seldom employed because radiation by radium gives 
better results with less deformity and disablement 
On the other hand the scope of diathermy has been greatlj extended 
m dealing with those malignant growths in which radiation treatment 
has not yet replaced operative removal as the method of choice This 
remark applies especially to breast cancer but also to cancer of the 
rectum and in my hands more recently to cancer of the stomach 
Advantages of diathermy Loss of blood m mmized — As con 
trasted with the scalpel the diathermy needle possesses various advan 
tages It seals off all the smaller vessels in the plane of section which 
often remains perfectly dry Thus the losa of blood is reduced to a 
minimum Any artery which bleeds is seized with forceps and maj 
be subsequent!) tit,d If the artery is a small one it suffices to touch the 
forceps hanging from it (held up out of contact with the rest of the 
tissues) for two or three seconds with the terminal Charring and 
bubbling occur at the point of the forceps which may then be removed 
This method is unsafe for vessels of any considerable size but it sav es 
time for the smaller \ esscU It should not be used for v csseU on a thm 
flap as the overheating of such a flap ma) lead to sloughing 
Avoidance of shock — Perhaps the greatest advantage of diathermy 
IS that It appears to divide nerves without stimulating them and thus 
without causing shock In gastrectomy the absence of shock after 
division of the stomach by diatherm) is stnkingl) brought out by the 
maintenance of a nearlj normal pulse rate through the operation and 
during convalescence It is certain that diathermy does not stimulate 
the motor nerves though faradic undertones of the current may occa 
sionally cause muscular contraction A similar indifference to the 
diathermic current may be postulated for tht sensorv nerves The 
pain of surgical diathermy is apparently not due to division of 
the nerves but to the heating of the adjoining tissue 
Elimination of chill local and general — Most extensive operations 
necessitate prolonged exposure of tissue surfaces and consequent loss 
of bod) heat By eliminating chill the diathermic method remov es one 
source of shock The whole cone of tissue intervening between the 
large neutral electrode and the cutting point has its temperature 
raised the heating effect is thus a systemic as well as a local one In 
operations on the breast which involve the cutting of long badly 
nounshed flaps especially liable to dull and the exposure of a large 
area of chest wall denuded of muscle this effect of diathermy is 
especially important 

Avoidance of implantation — In cancer surgery diathermy mmi 
mizes the risk of the implantation of cancer-cells on the wound If 
the scalpel happens to cut across a group of cancer-celh v lable cells are 
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set free in the wound The diathermy needle destroys a microscopic 
layer of cells on either side of its plane of section, stenlizing the ivound 
as it goes 

An> lymphatic vessels cut by the diathermy needle uill be sealed off 

Dangers and disadvantages of diathermy/ Risk of explosion — 
No anesthetic whose vapour forms an explosive mixture with air ma\ 
be used dunng diathermj Serious and even fatal accidents have 
occurred from the use of ether Chloroform or gas and oxjgen arc 
generally emploj ed, but C E mixture in the usual proportions appears 
to be safe unless the operation is actually mtra oral If any spirituous 
solution has been applied to the skm just before the operation it must 
be carefully mopped dry before the diathermy is switched on, or it 
will catch fire 

Damage to important structures — Oolj a practised operator with 
a nicely regulated machine may venture to use the diathermic needle 
in the neighbourhood of large vessels and nerves or other \1talI3 
important structures It is easy to penetrate a large vein or so to 
devitalize its wall that secondary hemorrhage will occur For dissec- 
tion of the axilla the method is unsuitable, but when used with skill 
and discretion diathermy facilitates the earlier stages of gland dissec- 
tions of the neck, and of thyroid operations A thin skin-fiap maj be 
casually penetrated m a moment of inattention or from failure of the 
assistant to keep the parts on the stretch For obvious reasons no 
accidental contact between the needle and any metal instruments lying 
on the field of operation must be allowed 

Occasional impairment of primaiy union —Primary umon takes 
place satisfactorily after even very large cutting operations by dia- 
thermy if the cutting has been done rapidly, ^vlthout visible charring 
of the cut surface and without undue heating of the subjacent tissues 
If these conditions are not fulfilled, and of course if there is failure in 
asepsis suppuration is probable The most likely cause of failure is 
the omission to sterilize by boiling the needle, its handle, and the 
cable which connects it with the machine Stenlizable cables arc not 
usually supplied by the makers but they are obtainable and should 
be insisted upon 

About ten day s after a diathermy operation there may be a phase of 
lowered resistance to the patient’s own skm organisms, indicated by a 
nse of the previously normal temperature, and by reddening of tlie 
skin edges of the wound The imtation usually subsides rapidly when 
the wound is sprayed with staphy lococcus antivirus, but in rare cases 
suppuration may appear and may extend under the flaps The process 
seems to be a kind of fat necrosis 

Phlebitis — The application of the neutral electrode to the thigh 
should be avoided In two patients, who had previously suffered from 
phlebitis, acute saphenous and femoral phlebitis occurred after the 
operation, and one of them succumbed to a staphylococcal septicaemia 



COAGULATION DIATHERMY 581 

Transmission of the current through the thigh had apparently stirred 
into activity a latent focus of residual infection in the veins 

Bums from the plate electrode — Any uncovered part of the neutral 
or plate electrode will bum any portion of skin touched by it since the 
current follow mg the line of least resistance w ill concentrate upon the 
uncovered area The plate electrode should be wrapped completely 
in se%eral layers of a towel wrang out of strong saline (a handful of 
salt to the pint) It is best placed behind the loins with a small 
cushion like pad beneath it to hold it in close contact with the skin 
aided by the weight of the patient 

Most of the dangers assoaated with diathermy are avoidable with 
due care In a large majonty of cases after an extensive cutting 
operation by this method perfect pnmary union results and con 
valescence is uneventful 

It seems certain m \ lew of its special advantages in cancer surgery 
that diathermy will replace the knife to a large extent I habitually 
used It in the radical operation for breast cancer for ten years but 
have lately come to the conclusion that the scalpel is preferable for 
such a large operation 

Coagulation diathermy — If the surgeon decides not to cut out a 
tumour m a diflicult or inaccessible situation it may still be destroy ed 
\n situ by diathenny The needle electrode is plunged into the tumour 
and earned down to wthin 1 cm of its deep aspect The current i» 
turned on until an area of coagulation I to 2 cm m diameter appears 
round the needle which is then removed and re-mtroduced about 2 cm 
away from the first puncture The process is repeated until the whole 
area has been dealt with 

As a cauterizing agent the diathermic needle is much more efTicient 
than the Paquehn or electro-cautery because its range is greater If 
the current is kept on for too long a dry eschar of high electneal resist 
ance forms round the needle sparking occurs and the needle adheres 
to the destroyed tissue so that bleeding follows its withdrawal 
Risks of coagulation diathermy — MTien diathermy is used to coagulate 
and destro\ an area of tissue *» stUt with a view to its subse 
quent separation as a slough the process of separation is an mflam 
matory one attended by certain risks (Edema ahvays occurs round 
the coagulated area and lasts for several day s (Edema of the glottis 
may supervene if the growth is near the supenor aperture of the lary nx 
Stricture may follow diathermy of the cesophageal grow th Secondary 
hamorrhage and broncho pneumonia may occur for the sloughs often 
become very foul As a rule the separation of the sloughs is accom 
pamedby little pam and the wound heaU well 

Great caution must be used in employ ing diathermy close to a bone 
for necrosis is likely In some cases the nsk must be accepted if the 
alternate e is incomplete destruction of malignant tissue 
Opcratirc treatment of recurrence — is difficult to lay dowti clear 
rules for the operative treatment of recurrence If howexcr the 
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recurrence is single movable and accessible prompt operation should 
be performed unless upon consideration it is decided to trust to radia 
tion In this choice the feehngs of the patient uill plaj a great part 
The issue of a recurrent case is necessanlv uncertam and it is as unfair 
to thrust operation upon a reluctant patient as to refuse it to one 
eager to seize every chance Trequentlj the ideal treatment is a 
combination of excision and radiation 

Of course a recurrence even if single is likely to be followed bj 
recurrence at other points but this is not inevitable especiallv if 
thorough X ra^ treatment is given subsequently Sometimes after 
excision of the recurrent lump the patient remains well for ^ ears and 
e\en permanently In order to exclude other recurrences operation 
should be preceded bj a specially thorough examination of the patient 
and hy radiological examination of the chest A pelvic exanlination 
should alwaj s be made 

RADIUM IN THE TREATMENT OF MALIGNANT DISEASE 

The position of radium m the treatment of malignant disease is now 
so secure that a bnef comparison of the vanous methods of using it is 
essential 

Surface application of radium — In the past surface application of 
radium has been extensivelj used m the treatment of malignant 
disease The radium collar is still employ ed m some clinics for secon 
dar^ cervical glands but in mj expenence the results of this and o? 
most attempts to treat malignant disease b> surface applicators are 
unsatisfactor) Even in rodent ulcer which is the first and last 
stronghold of surface radiation interstitial radiation seems to be prc 
ferable unless the disease is m a verj early stage I have seen cases 
of rodent ulcer where superficial he^ng was accompanied b> active 
progress in the deeper parts 

Except in ulcerated growths it is usually necessary, to use a screen 
or the skm wall be injured bj the a and p ravs before an adequate 
dose of y rajs has been administered Even if the a and /5 rajs are 
filtered off b\ 1 mm of platinum or its equivalent the lethal do«e 
for a carcinoma-cell is rather greater than the dose which the normal skin 
can endure wathoul injurj maj be doubted tberelore wbetber a 
cancer-cell situated just beneath the skin (much less one situated 
deeply) can be destroj ed bj a surface applicator 

Buried radium — ^The source of radiation will act much more efiec 
tiv elj if It IS brought into close proximitv wath the neoplastic focus 
Its action on the cancerous tissues will be much greater its action on 
the normal tissues much less It is here that radium possesses a great 
advantage over X radiation A radium needle or a tube of radium 
emanation can be buned m the tissues for a longer or shorter penod 
and a branch of surgerj to which the name radio surgerj mav be 
apphed is thus evolving Radio snrgerj includes a stud} of the use ot 
radium needles during the course of operations of ablation 



BURIED RADIUM 


Buned radium as an adjunct to operation — ^WTienever it is doubtful 
whether a small malignant focus has been completel} excised, radium 
needles should be laid m the suspected area of the bed of the \\ ound 
at the time of operation, and removed after an appropriate interval 
Thin skin flaps should be carefully shielded from undue action of the 
radium by the interposition of a wad of gauze It must be remembered 
that the lethal range for carcmoma-cells of a 25 mg tube of radium 
element acting for twent>-four hours through 1 mm of platinum 
certainly does not exceed an inch The needle or needles are with- 
drawn ill twenty four hours, or are removed into a second position for 
a further twenty four hours An aniesthetic is usually unnecessary for 
their remoial Less powerful needles may be used for longer penods, 
and arc preferable Thus a 2 or 3 mg needle maj safely be left in the 
subcutaneous tissue for a week 

My special application of buried radium as a routine procedure 
dunng the operation for breast cancer is described at p C30 

The use of radium may coniert an operation doomed to failure by 
obviouslj and necessani) incomplete removal of the growth, into a 
permanent success Thus m an abdomino penneal operation for 
rectal cancer I observed nodules of gr<^vvth on iiremovablc areas of the 
pelvic pentoneum overlying the back of the bladder A radium tube 
was left in the pelvic cavity for twcntj-four hours, and more than 
twenty years later the patient remained well He ultimately died 
without recurrence 

It may prove to be possible, by the use of radium dunng operations 
to restrict the undue extent and se\ enty of some operations for cancer 
Thus in cancer of the rectum I ha\e of late years, returned to the 
perineal method of operation combining it with the use of radium 
By the perineal method the complete removal of the glands in the 
mesorcctum is impossible, and therefore by itself the method is mcom 
plete but the routine introduction of a 60 mg tube of radium into the 
mesorcctum high up for 24 liours will, I hope, compensate for this 
defect in the mctliod and prevent recurrence m the glands The 
method is at present on its tnal 

Massive distance treatment by radium (bomb method). — The use 
of a large mass of radium of one to ten grammes at a distance of 30 cm 
or more from the surface of the body is now a w ell establishc<l method 
especially for deep seated glandular masses in the neck, and for pnmary 
growths of the tonsil and the post cncoid region It has been found 
necessary to install a second four gramme bomb at the Middlesex 
Hospital, owing to the favourable results attained by Dr Windeycr 
with the bomb first installed The advantage is that, without a 
surgical operation of access, a practically' uniform intcnMty of 
radiation can be delivered through the skin to a considerable thickness 
of tissue It is however, impossible to limit the clTect to the part it 
IS desired to treat The depressing constitutional effects of radiation 
are difficult to avoid and may be senous 



584 


TREATMENT OF MALIGNANT DISEASE 


Intcntitial radiation. Radlo-su^ery. — For most cases of malignant 
disease radiation is most cfTective when the sources are within the 
body, evenly dispersed through the area in which malignant cells are 
found. The diseased tissues then receive a maximal dose of radiation 
since they are nearest the source. Wiat is equally important, tlie 
body generally receives a minimal dos.e. General or constitutional 
radiation, speaking broadly, is a harmful factor which should be 
reduced to a minimum. After heavw doses of short-wave X-ra^s. and 
after radium-bomb therapy, vomiting, cardiac failure with feeble 
pulse, intense depression, and aplastic anremia may persist for montJis 
or may even be fatal. Extreme miscr>‘ and a loss of all desire to li\x 
are among the more severe effects of c.vcessive radiation. 

The great advantage of the method of radiation by implanted tubes 
of radium or radon, first introduced b}' Dominici. is tliat for a given 
amount of radiation of the tumour tissue, the normal tissues of tlie 
body receive the least possible dose, so small that it usually exerts a 
stimulating and not a depressing effect. 

The method has a disadvantage in that it necessitates a surgical 
procedure. In simpler cases the tubes are introduced through multiple 
punctures in the skin and mucous membrane. Frcqucntlv, however, 
in the deeper-seated growths, irthey lie in contact wth \itai structures, 
an incision is necessary or at any rate advisable. Tlie needles can tl\cn 
be accurately placed without fear of injuring important adjacent 
structures such, for instance, as the great veins of the neck or the 
nervc-tfunks. 

Tlie first essential in approaching the treatment of a case by buried 
radium is to form an accurate idea not only of the exact limits of the 
primary growtli but of the extent to which infiltration or permeation 
— microscopic and therefore inappreciable — has occurred .around it. 
In those gronihs which infect Ij-mphatic glands, a precise knowledge 
of the lymphatic anatomy of the part is essential, and also a working 
knowledge of the probable range and direction of secondary invasion 
of the glands Beyond the enlarged glands there are micro^coJ»icaIh• 
infected ones, and recurrence is certain if treatment is restricted to 
glands palpably enlarged. 

Having settled in lus mind the exact area which requires radi.ition, 
the surgeon’s next care is to ensure the uniform and .adequate radiation 
of this area, a task made much easier now tiiat it is the custom to 
employ many small needles of radium of the order of ffij to 3 mg. 
rather than a few powerful ones of 12 to 25 mg. Even now, however, 
the proper distribution of the available tubes is a very difficult matter. 
Even in skilled hands it is probable that an ideal distribution is rarely 
attained In unskilled hands gross maldistribution is practically 
inevntable . , * 

H A. Colwell, who has written a clear and timely jntfo<iuction to 
the study of radium-therapy* says: *: It is impossible to cmphaMze 
too strongly that radium treatment is not a kind of easy substitute 
• ■ntnft. H. K. •«>. P- 
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for surgerj The insertion of radium demands, and to the full, all 
the knowledge of anatomy , patholog\% and surgic^ technique that does 
ordmarj' surgery — it demands all this and, in addition, some knowledge 
of the ph) SICS of radium, and of the action of radiation ” 

It must be remembered that, with a point source, the intensity of 
radiation per unit of surface \anes inversely as the square of the 
distance of the source of radiation from the radiated surface If the 
intensity at a distance of 1 cm be taken as 1, the intensity at a distance 
of 2 cm IS only’ and at 3 cm ^ This rapid fall in intensity’ greatly 
limits the surface use of radium, for at a short distance beneath the 
skin surface the intensity falls below the minimum necessary for 
therapeutic effect In most cases the method of burying the radium 
tubes IS much to be preferred Even by this method the effective 
range of the rays hardly exceeds an inch 

Action of radium on the tissues — A sufficient dose of radiation 
will destroy either normal or neoplastic tissues, but the latter are 
more sensitive In the tumours most amenable to radiation — namely, 
rodent ulcer and lympho sarcoma — only a fraction of the dose which 
would destroy normal tissues is required 

The sensitiveness of normal tissues \anes greatly Gland epithelium 
IS very sensitive, squamous epithehum less so, muscle still less 

Besides the direct destruction of malignant tissue, the treatment 
may possibly be useful by producing an immunity reaction, but person- 
ally I have not been able to convince myself of the e\istence of such a 
reaction in carcinoma or of any *' systemic '' effect of radium on the 
cancer-cell, a conclusion borne out by the recent laboratory researches 
of the Impenal Cancer Research Fund Broadly speaking, the problem 
IS to administer a lethal dose of radiation to every cancer-cell in the 
body, without injury to the normal cells The difficulties are numerous, 
and in many cases msuperable 

The action of radium, local, and of short range — It is possible to 
introduce radium emanation in solution into the veins, and so to con- 
vert the blood temporarily mto a radio active solution I have tned the 
method in disseminated malignant disease with only temporary benefit 
The diffused radiation is too weak to be effective To destroy a cancer- 
cefl It must be brought for a penotf of some hours within a distance of 
an inch of a source of radiation of high potency, such as a 12 or 25 mg 
tube of radium, or for a longer penod of, say, a week withm the same 
distance of a 2 or 8 mg tube Consequently, radium is powerless to 
deal with dissemmated malignant disease, or even with a large primary 
mass of growth Where a large area to be covered, X-rajs must 
be used On the other hand, within its range of action, clinical experiuicc 
shows that radium is much more effective than X-rays, and nowadays 
that range has been increased by the use of multiple small nee<llcs of 
radium, perhaps twenty or thirty m number, spread out over a con- 
siderable area Although large areas may be covered by X-rays, 
clinical expencnce until recently seemed to show that their destructive 
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action on malignant cells does not extend \er\ deeplj beneath the skm 
perhaps not to a depth of an mch But m the last tv. o or three \ ears 
and m the hands of a few skilled radio therapists spinal bone and 
pleural secondaries have been retaMed or even arrested b) high 
\ oltage X raj treatment with relief of pam restoration to subnormal 
acti\at> and prolongation of hfe Such benefits are not to be despised 
even if their duration is limited for they postpone and abbreviate the 
final phase of complete disabihty and maj make it almost pamlcs> 

Seitz and Wmtz introduced the biological sjstem of mcasunng 
radiation according to its effect on the tissues They attached the 
arbitrary figure 100 to that dose of radiation which m eight dajs will 
produce a slight erythema and m four weeks a slight pigmentation of 
the skin This they called the umt skin dose They stated that the 
lethal dose for a sarcoma cell is by companson CO or 70 (i e 0 C or 
0 7 of the unit skm dose) while the lethal dose for a carcmoma-ccll is 
^0 to no These figures are useful if rough approximations 

The difficulty of getting the lethal dose to a depth beneath the skm 
ma> be estimated from Dr Knox s statement that using a beam of 
rays at a voltage of 90 000 to a 9 or 10-in spark gap only 6 to 7 per 
cent of the beam reached a depth of 4 m beneath the skm surface The 
lethal dose for a carcinoma is rather greater than the skm can endure 
without injury 

Radium needles — Radium needles to be buned in the tissues should 
be torpedo shaped with a pointed end to facilitate penetration The 
other end of the tube should be htmisphencal without any projecting 
shoulder to make withdrawal difficult Through the base and clo«e 
to It (in important point) is drilled a small hole to take \ piece of 
stout silk or fishing gut which serves to withdraw the tube Unless 
the hole is drilled close to the base the tube w ill tend dunn^ w ithdraw al 
to assume a position transverse to its track whenever it meets with a 
slight obstacle 

The most useful strengths of the needles are 2 and 3 mg of radium 
element It may be usefully remembered that according to Prof 
Sidney Russ two 25 mg tubes 3 cm apart will in twent> four hours 
administer a lethal dose of radiation to anj carcinoma cell intervening 
between the tubes In m> expenence a 25 mg tube ^ in beneath the 
skm will in twenty four hours cause such clianges in the skm as to 
produce after a latent penod a superficial dermatitis severe enough 
to leave a visible permanent discoloration or a superficial scar Small 
needles of 2 or 3 mg not nearer than half an inch apart ina> be left 
for fiv e to sev en daj s or ev en longer if thej are not immediately beneath 
the skm 

Introduction of needles — A puncture is made through the skin and 
deep fascia A special pair of radium forcejw constructed to hold the 
needle firml> without injuring it is used as the introducer The tube 
ma> be finallj pushed into position by a pusher wath a concave 
end which wall not slip off the convex end of the radium needle The 
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loop of fishmg-gut attached to the needle hangs out of the \vound, 
which may be closed temporarily by a half-tied suture When it is 
desired to take out the needle, the loop of the suture is loosened, the 
needle is withdrawn, and the stitch is then tied permanentlj 
The introduction of the radium needle may be a \erj’ simple or a 
difficult and delicate operation, according to the site of the implanta- 
tion Undue force m introduction may bend or deform the needle 
Only practice can teach the degree of force permissible , it vanes vath 
the thickness and length of the needle Dunng introduction a needle 
may penetrate a large vein, and a serious operation may be nccessarj’ 
to reach the bleeding vessel Difficulties may anse m withdrawal 
owing to the breaking of the loop of stnng attached to the needle, or to 
the needle wedging itself transversely across the track The latter 
difficulty IS generally due to incorrect design of the needle 
In radio surgery the sui^eon acts as a radiologist, and he‘>vill do 
well to call m a radiologist to advise and co-operate with him A few 
elementary facts about radium may here be stated 

Sources of radtalton — The sources of therapeutic radiation practically 
are two radium and X-rays The technique of X-rays and of the 
surface application of radium does not concern the surgeon His 

interest hes in the use of radium by operatne methods 
Physics of radium — Radium is an unstable element which is under- 
going a process of exceedingly slow decay In this process it gives off 
a gas called radium-emanation which is the actual source of its radia- 
tions WTicn radium is in a sealed tube the emanation attains a certain 
pressure, which thereafter remains constant Radium emanation 
decays rapidly, losing half its radio-active strength in forty-eight hours 
For therapeutic use, apart from radium itself, it must therefore be 
freshly prepared On tlic other hand, the radio active strength of a 
sealed tube containing radium or one of its salts rises to a maximum 
in about a month, and is subsequently constant 

Radium, or rather its emanation, gixes off three classes of rays — 
0 -, ^ , and y- rays The a-ra>s arc particulate and are arrested by 
any surface on which they impinge They are valueless for deep 
therapy The /3 rays are electrons of low penetrative power and very 
imtant to skm surfaces , they can be to a large extent arrested by a 
screen of 1 mm of platinum or 2 mm of lead "When this is done the 
y rays alone penetrate the screen These are rays of great penetrative 
power, and from them the thera|)eutic virtues of radium are mainly 
derived 

In order to obtain filtered y-rays radium salts in amounts of 0 5 to 
25 mg are sealed up m platinum tubes, and these again arc enclosed 
in outer tubes Tlic total screcnage usually employ’cd is 0 C to 1 mm 
of platinum 

Principles governing the use of buned radium — It has been thought 
that m the treatment of a mass of malignant tissue tlie goacming 
consideration should be so to dispose the a\ailable needles througli 
its substance as to give a uniform dose of radiation to the whole mass 
Tins conception is unsound in that it fails to take into account the 
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in\Tsib]e zone around the mass in which permeation or infiltration is 
taking place It is possible that small doses of radiation stimulate 
mahgnant cells Accordingly it is not surprising to find that in many 
cases i\here a succ^fnl attack is m this fashion made onl\ on the 
visible and palpable deposit of growth its disappearance is rapidh 
followed bj the appearance of multiple small fresh nodules of growth 
in the near neighbourhood (Fig 323 ) 

Pathology shpws that all large aggregations of cancer-cells are 
degenerate in their central portions A visible lump of cancer is com 
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Fig 323 — ^To show frequent result tf rad um n edie a buned beneath tis ble gTiwth (t) 
to neflect of surround ng tone (b b) of inappreciable m eroscop e infect on. 
la I tbe tube u *mo a pM km boMS b (be srontb a * VMar in-ki or iDoatht U er tbe ifrawtb bn 
ihnalc xad beocme fibratjr but a (be lune a a vuibk and |u]>>blr aodules of giu a t b a e mdeet. 


paratively neghgible the active enemy is to be found in the appar 
ently normal tissue around it 

Encirclement method — It is for this reason and to avoid small dose 
stimulation of the remoter cancer cells that I advocate what I may 
call the encirclement method of using buned tubes The needles 
should be disposed m a circle around the nodule Thev should he m 
the plane of the mam lymphatic plexus of the part for in this plane 
permeation is hTely to be spreading Roughly speaking they should 
be J to k in from the palpable edge of the mass (Fig 324 ) 

If m this way the activ elv advancmg isolated cells of the growth can 
be killed and the lymphatics which lead from it sealed by an inflam 
matory reaction the further spread of the disease will be checked 
The visible nodule already probably degenerate can if necessary be 
attacked directly on a subsequent occasion by bury mg needles actually 
in Its substance but often it will shnnk or disappear for its pen 
phery the most activ e part of it will have received an adequate do e 
and even its centre may have received enough radiation to Jail the 
degenerate cells there to be found 
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T^ic meitiod ignore* at first the visible growth * aoJ a ms pnmanjjr at the «I«truclii>n of tie mieroscople 
depot U pretcnt n Ibe surrounding lone a The second drawing shows tbe consequent disappearance soma 
neeksUter oilbetoneo The visible growthaisted ced osire and is now dealt wHlb by bury ng a radium 
aeeclla beneath t In both draw ngs It u supposed that the superfi^I tissue* have bm steed away to 
I moi stra « the radium needles in pos on 

The encirclement method miy be compared to the device of hunting 
wild animals by enclosing them within a continually narrowing nng of 
beaters and dnving them towards a centre On the other hand 
methods which pay attention only to the visible nodule of growth 
disperse the game over the whole countrj I am not unmindful of the 
practical difficulties of the method It requires a number of needles 
though the number may be halved by making each needle take up m 
succession for equal periods two positions on the periphery of the 
cirde That is to say at the end of the chosen period the needle more 
deeply introduced at first and tangentially to the circle is only half 
withdrawn This device may be called the fenail track method 
(Fig 825) 

If the amount of radium available is inadequate the treatment of 
the Case should not be undertaken 

The modem technique of using numerous small needles instead of a 
few large ones has greatly increased the area it is possible eflectivelj to 
radiate and it is now generally possible to radiate both the palpable 
fu.’jM'uriWpd aroimd j 1 it the fame time Is’ever 

theless the pnnciplc of the encirclement method remains \alid though 
it IS sometimes still forgotten I reccnllj saw a case of carcinoma of 



Pig 335 — Snail track method of using radium needle 

Allbeptuper tim«»ll«lt»lntrodtctio«i tbelabobiowlatoUkeopaiesoiidp'JulioD luraJlmof act so 
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the hard palate treated by interstitial radium The primary growth 
was replaced by a radium ulcer, but round it were numerous tiny 
nodules of active growth The width of the zone of inhltration and 
permeation had been underestimated * 

The place of radiation in the treatment of malignant disease.— 
The place of radiation in the treatment of mabgnant disease is one 
of steadily increasing importance, and a bnef attempt must be made 
to estimate the relative claims of operative and of radiological treat- 
ment The difficulty consists not only in the rapid changes which are 
taking place in radiological treatment, but in the separation of the 
two branches of practice one from the other.. The radiologist is apt 
to make undue claims, while the surgeon fads to realize the help which 
radiation can give Broadly speaking, it may be said that success in 
the treatment of mabgnant disease depends upon the intimate co- 
operation of the surgeon and the radiologist 
Wffien the first edition of this work w as published in 1924 the position 
was summed up by the late Dr Robert Knox's words at the 1922 
Congress of Radiology — 

" My practice is to recommend operation wherever it is possible, and 
to follow up operation by radium and X-ray exposures Thorough 
uradialion treatment on intensive lines appears to be the more rational 
procedure The border line case should have the benefit of radium 
locally and full X ray doses from the periphery’, especially if operation 
is decided against The inoperable cases should be treated with full 
radium exposures, followed by X rays . . . 

*' In my opinion, the time has not yet come when radiothetapeutic 
measures should displace the surgical A great deal of research work 
must yet be done before we can safely take up such a strong position 
If the claims of the Erlangen school can be substantiated, one of 
the most important advances m medical history has been made We 
cannot in this country support the claim put forward I await the 
events of future years to prove or du>prove the value of that opinion 
From an expenence in the treatment of cancer now extendmg to 
nearly tw enty years, the results obtained so far are not nearly’ encourag- 
ing enough to warrant even the hope that we have m X-rays and 
radium a specific cure for cancer 

“ I am convmced however, that in these agents we possess useful 
aids in the treatment of malignant disease, particularly for the amelior 
ation of suffenng and relief of q^mptoms, and that all efforts should 
be made to carry on the investigations into the physical propertiw of 
the agents and particularly to investigate very thoroughly the bio- 
logical reactions induced by their apphcation 

Events dunng the last fourteen years have shown that Dr Knox 
correctly forecast a great increase in the powers of radiology The 
epoch making work of Regaud at the Pans Radium Institute has 
practically eliminated ablation operations for cancer of the tongue 
He has shown that treatment of the growth tti stUi by buned radium 
needles gives far better results than any operative method Regaud 
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appears to have taken as Ins starting-point the observation of Lazarus 
Barlow that squamous epithelium is more affected by a small dose of 
radium acting for a long time than by a large dose acting for a short 
time Instead of burying powerful tubes of 12 to 25 mg of radium 
element for a short period such as 24 hours, he employed needles of 
2 or 3 mgi for a penod of 5 to 7 da} s He furthermore msisted upon 
the necessity of secunng an equal intensity of radiation throughout 
the whole mass of the tumour and the infiltnted area around it, and 
accordingly he used a number of needles closely set and carefully 
distiabuted to secure uniform intensity throughout the treated area 
He was thus able to secure regression and local disappearance of the 
primary growth without destruction of the surrounding normal tissue, 
and his methods are now followed all over the world 

He was less successful m the treatment of secondary gland deposits 
by radiation and up to the present time a complete dissection of the 
glands of the neck on one side or both sides remains the method of 
choice for dealing with gland deposits It may be supplemented, but 
cannot at present be replaced, by the implantation of radium m the 
tissues of the neck 

Further advances m the use of radium have been made by the Stock- 
holm scliool who have devoted their attention especially to cancer of 
the cervix, and have made radium at least an equal competitor with 
operation in the treatment of this disease 

In the radium treatment of breast cancer the lead Jias been taken by 
this country Having convinced myself seventeen years ago that 
breast cancer invades the internal mammary glands just as early as 
It attacks the axillary glands, it became clear that every extrathoracic 
operation for breast cancer is likely to be an incomplete one Since 
that date I have used radium nee^es, inserted along the line of the 
internal mammarj glands in all my operations for breast cancer, with 
a definite improvement in the results 

5fr Geoffrey Keynes m 1924, adopting a technique similar to that 
of Regaud m cancer of the tongue, advocated a treatment of breast 
cancer by buned radium alone instead of by ablation and met with a 
notable degree of success, but his experience has gradually led him 
back to a combination of limited operation witli radium This question 
IS efeaft with m more a’etaif m *'<?perations on (he i?reasf. p JSS 
Tor cases near or beyond the limit of operability and for old and feeble 
patients, operation has been deffmtely replaced by interstitial radia- 
tion For such cases the Keynes technique represents a great advance, 
but It should not be used for left sided breast cancer in patients with 
cardiac disease 

In carcinoma of the rectum radium lias proved very disappointing 
\VhiIe the abdommo perineal operation has largely fallen into disuse 
on account of its mortality, which remains relatively high, the {wnneal 
operation more than holds its own against attempts winch have been 
made to replace it by interstitial radiation W H Gabnel • from the 
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expenence of St "Mirk s Hospital has recorded 189 cases of penneal 
excision of whom 45 were ah\e and well five \ears after operation 
Among 12 operable cases treated pnmanlj bj radium needles onl> 
two good results were achieved b> radium alone In six of the cases 
subsequent perineal excision became necessar> In Gabnel s opmion 
based upon sixteen cases intra abdominal radiation after laparotomy 
has a high operative nsk which its late results do not justify when 
compared with the results of simple palliative colostomy 

The postenor barrage operation of Gordon \\ atson gav e good results 
m two cases out of nme but three postoperativ e deaths from toxiemia 
occurred and one from secondary hamorrliage It appears that the 
tissues round a rectal carcinoma are often the seat of a secondary 
bacterial infection and that sloughing and infection usually reault if 
they are radiated through a surgical wound 
The scope of radium in carcinoma of the rectum thus appears to be a 
very limited one but m my opmion it may be usefully employed (1) 
as a routine to deal with the high mesorectal glands at the time of 
permeal excision (2) in the lumen oC the bowel as a palUatvve to check 
hsemorrhage and delay the growth after colostomy and (8) for epithe- 
lioma of the anal margin 

In caremoma of the lip the tongue and the oral cavity generally 
except for caremoma of the hard palate aifd perhaps of the alveolar 
margin radium has definitely replaced the knife in dealing with the 
primary growth It is however generally agreed that in this group 
of carcinomata radium has proved unsatisfactory for secondary gland 
deposits and for the primary growth if it is adherent to the bone A 
complete unilateral or bilateral dissection of the glands from tlie mastoid 
to the stemo-clavncular joint should as a rule be undertaken 
The therapeutic radiation of a carcinoma of the hard palate usually 
causes necrosis of the underlying bone and gives an unsatisfactory 
result In carcinoma and sarcoma of the upper jaw the use of embedded 
radium tubes is mevitably followed by necrosis and persistent pain 
though the growth may be arrested The best result is attained by 
excision of the maxilla followed by radium radiation of the resulting 
cavity Such at least is my own expenence 
For carcinoma of the penis excision of the growth or imputation of 
the penis need no lunger he practised smce Tadram gives xeiy good 
results without mutilation Surgical excision of the glands in the 
grom IS preferable to radium which may lead m this situation to 
sloughing and secondary haimonhage 
Osteo sarcoma can usually be treated more successfully by inter 
stitial radiation than by amputation At the London Cancer Conference 
of 1928 I showed a small group of such cases successfully treated by 
radium alone If the disease is only partially arrested by radium an 
amputation can still be undertaken and I thmk with a better cliance 
of success than if no radium has previously been used 
Radio-surgery of inaccessible groirths —Certain varieties of malig 
nant growth inaccessible to the surgeons knife can now be treated 
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expenence of St Mark s Hospital, ha:* recorded 189 cases of penneal 
excision of ^\hom 45 vere ah\e and >\ell fi\e \ears after operation 
Among 12 operable cases treated pnmanl> by radium needles onl>, 
two good results were achieved bj radium alone In six of the cases 
subsequent penneal exasion became neces5ar3 In Gabriel $ opinion, 
based upon sixteen cases, intra abdominal radiation after laparotom) 
has a high operative nsk, which its late results do not justifj when 
compared with the results of «:imple palliative colostomy 
The postenor barrage operation of Gordon Watson gas e good results 
m two cases out of nine, but three postoperative deaths from toxiemia 
occurred and one from secondarj hiemorrhage It appeal^ that the 
tissues round a rectal carcinoma are often the seat of a secondar) 
bactenal infection and that sloughing and infection usuall}^ result if 
the> are radiated through a surgical wound 

The scope of radium in carcinoma of the rectum thus appears to be a 
very limited one but in my opinion it may be usefullj emplojed (1) 
as a routine to deal wath the high mesorectal glands at the time of 
penneal excision, (2) in the lumen of the bowel as a palliative to check 
hamorrhage and dela> the growth after coloatom) and (‘^) for epithe- 
lioma of the anal margin 

In caremoma of the lip the tongue, and the oral cavity generallj, 
except for carcinoma of the hard palate artU perhaps of the alveolar 
margin radium has definitely replaced the kmfe m dealing with the 
pnmary growth It is however, generally agreed that jn this group 
of carcinomata radium has proved unsatisfactory for secondary gland 
deposits and for the pnmarj growth if it is adherent to the bone A 
complete unilateral or bilateral dissection of the glands from the mastoid 
to the stemo-clavicular joint should as a rule be undertaken 
The therapeutic radiation of a caremoma of the hard palate usuall> 
causes necrosis of the underlying bone, and gives an unsatisfactory 
result In caranoma and sarcoma of the upper jaw the use of embedded 
radium tubes is inevitably followed by necrosis and persistent pain 
though the growth may be arrested The best result is attained by 
excision of the maxilla followed by radium radiation of the resulting 
cav ity Such at least is my own evpenence 
For carcinoma of the penis excision of the growth or amputation of 
the penis need no longer be practised, since radium gi\es \er} gocfd 
results without mutilation Surgical excision of the ghnds m the 
groin IS preferable to radium, which may lead in this situation to 
sloughing and secondary h'emorrhage 
Osteo-sarcoma can usually be treated more successfully by inter- 
stitial radiation than by amputation At the London Cancer Conference 
of 1928 I showed a small group of such cases successfully treitcd by 
radium alone If the disease is only partially arrested by radium, an 
amputation can still be undertaken, and I think witJi a better chance 
of success than if no radium has previously been used- 
Radio-sargcry of inaccessible growths. — Certain vanetics of malig- 
nant growth inaccessible to the surgeon's kiufe, 0.10 now’ be treated 
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hopefully by buried radium. Operations of some graMty and delicacy 
may be requisite to introduce the radium needles into the desired 
position It IS especially in growths of the prostate, pancreas or 
anterior and superior mediastinum that the method promises well 
I bare also used it with some temporary benefit for the abdominal 
glandular deposits of malignant disease of the testis In a case of new 
growth of the lung, although the growth diminished greatly m sire, 
the introduction of radium needles into the lung substance led to 
infection from the bronchi, with purulent bronchitis and bronchiectasis 
Death occurred within a few months, and I would not again insert 
radium into the substance of the lung My attempts to deal with 
gastric cancer by intra abdominal radium have been equally unsuccess- 
ful Encouraging results have in several cases follow ed the treatment 
of cancer of the pancreas b} radium needles introduced behind the 
pancreas through an abdominal incision My plan is to incise the 
peritoneum to the right of the duodenum and bring that viscus fonvard 
Owing to the fibrosis of the grow th which follows its radiation obstruc- 
tion of the common bile-duct and of the duodenum is a likely sequela 
and gastro enterostomy and cholecyst-duodenoslomy should be done 
either at the time the radium tubes are introduced or later when 
jaundice and duodenal obstruction supervene A survival of several 
years in comparati\e comfort may then be attained • 

Carcinoma of the prostate — One of the most promising fields in 
the radium therapy of malignapt disease appears to be carcinoma of 
the prostate Operative removal of the disease is almost hopeless , 
though a percentage of early malignant prostates are mistaken for 
adenomatous enlargement and are enucleated sometimes with great 
difficulty, a quick return of tlie disease is the rule even m these early 
cases In malignant prostate which can be diagnosed operation is 
out of the question, for Young’s results after perineal prostatectomy 
in this disease have not induced other surgeons to adopt his operation 
Thus, at the earliest moment cancer of the prostate can be diagnosed, 
radium-therapy holds the field against operation The condition 
appears to be favourable to its application Tlie malignant growth is 
enclosed in a dense wall of fibrous tissue, the prostatic sheath, which 
strongly opposes its spread m ever> direction except upwards towards 
the hfadder Pressure on the urethra gives nsc to a degree of urinary 
obstruction which enables the disease to be diagnosed fairly early, while 
the mass is still small enough to be hopefully dealt with bj radium 
The upward spread is accessible to radium needles introduced into the 
bladder The glands first affected he just on the lateral aspect of the 
prostate, and are also accessible to radium needles introduced in the 
way I shall describe 

The early attempts at radium-therapy were made by introducing 
a radium tube into the prostatic urethra and leaving it there for some 
hours It seems to me that the introduction of radium into the sensitive 
prostatic urethra, and necessanly in close contact with its mucosa, is 

• Unm Uw writer’* rajierln Jwlr IWt e, S I S nujr be coii»ull»l. 
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an undesirable proceeding, likely to aggravate the discom/orts of 
urination already present A sinular cnticism applies to rectal intro 
duction The radium needles ^ould he as far as possible away from 
the mucous membranes of th§ rectum and urethra They should he 
as close as possible to the point where lymphatics leave the prostate 
to enter the closely adjacent lowest internal iliac lymphatic gland 
The method I have adopted to fulfil these indications is to place the 
patient in the lithotomy position with a staff in the urethra A finger 
of the operator s left hand keejis guard m the rectum Two punctures 
are made through the skin of the penneum, in front of the anus and on 
either side of the bulb An artery forceps is now thrust upwards into 

J 

_ I 



Fig 326 — Schematic drawing to show introduction of radiom tubes into piosfaJe 
through punctures in perineum, 

Uie lobes lie upon ibe Uleral aspect of the prostate well away Irom the nreUira. and near the IpnphaW 

glands w^ch receive the lympb from the prostate aa Tlte punctures m the penaeal lain. 

the prostatic substance close to the lateral aspect of the gland and ts 
replaced by a 25 mg radium tube mounted on a stout silver wire Tne 
procedure is repeated on the other side The projecting ends of tie 
wire are bent fortvards so as to he m the recess between the scrotuin 
and the thigh They are sheathed m a piece of rubber tube and kept 
m position by a firm penneal dressmg They remam in position for 
twenty four hours (Fig 826) , , 

This procedure is sometimes followed especially about the thiw 
week, by an increase m the frequency and pam of mictuntion but atte 
this there is usuaUy sinking relief and improvement lasting for monw 
or years I have one patient who remains well at the end of 
I now supplement the method by introducing a third tube, 
in a catheter, mto the bladder it^f, so as to act on the prostate l 
above with less nsk of imtating the prostatic urethra 
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The constancy and definiteness of the improvement which occurs 
after intraprostatic radium treatment justifies the hope that, as our 
methods improve, definite cure may in tins way be attained In any 
case, however, I would strongly urge the use of radium-therapy at 
the earliest possible moment It has no competitor in relieving the 
patient’s distress, and this applies both to the pain and to the difficulty 
of unnation 

Illiistraltve case — William B . Jet 75, was admitted to the Middlesex 
Hospital under my care for carcinoma of the prostate He was suffer- 
ing from constant lumbar pain, with occasional violent prostatic pain 
A catheter had to be passed three or four times daily The prostate 
was enlarged, hard, and nodular The unne contained blood and pus 
A tube of 25 mg of radium element was inserted into each lateral lobe 
for twenty-four hours No catheter had to be passed subsequently, 
though retention had been complete before operation The patient 
left the hospital free from pain, and passing, without straining, a good 
stream of unne 

The late Mr Hastings Gilford, of Reading, who subsequently had 
the patient under observation, informed me that he died of secondary 
deposits about a jear later but that urination remained free and 
comfortable to the end 

Radium m growths of the anterior and superior mediastinum — 
In sarcoma of the mediastinum, and especially in lympho sarcoma, 
great benefit can be obtained from treatment by buried radium The 
subject IS not npe for general statements, but the methods recom- 
mended can be inferred m general outline from the following case- 
records — 

Annie M , ait 84, was sent to me by Dr Washington Isaac m August, 
1917, for lympho-sarcoma of the antenor mediastinum, first manifesting 
itself m the 2nd left costal interspace The diagnosis w as confirmed by 
the microscope Radium caused disappearance of the mediastinal 
growth, but the disease re-appeared in the glands of the left posterior 
tnangle Here it again j lelded to radium, X-raj s, and arsenic, so that 
in October. 1918, there was no sign of recurrence In rcbniar) , 1919, 
dullness and fullness over the sternum appeared again, but again 
j lelded to external applications of the 5 g of radium then available 
at the Middlesex Hospital Hp to March, 1921, she did her ordmarv 
work, but in November, 1921, there was dullness over the whole of 
the upper part of the left lung, and her time was evidently short 
Radiation treatment, however, gave this patient four additional jears 
of useful and active life 

In a similar case, with my present expenence, I should resect one 
or more of the costal cartilages in order to introduce radium needles 
more deepl} and widd} m the anterior mediastinum (Tig 827) 

Hubert S . at 21, late of the Flying Corps, was operated on for a 
1) mpho-sarcoma of the mediastinum bulging to the right of the aorta, 
by Mr A J (now Sir James) Walton, in August, 1919 I was asked to 
be present to introduce radium The mediastinum wois opened and a 
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quantity of necrotic tumour maten^ evacuated Radium (100 mg) 
was placed in the cavit) The operation was followed b} complete 
disappearance of the radiographic, ausculator} , and subjective signs of 
thoracic tumour and the patient appeared quite well until September, 
19S0, when a radiograph again revealed a shadow to the nght of the 
aorta With Mr Walton's concurrence, I resected the 2nd nght costal 
cartilage in order to introduce 100 mg of radium deep m the swelling, 
for fifteen hours The shadow again disappeared, and until Julj , 1921, 
remained m abej ance Some slight discomfort in breathing at this time 
led to the taking of another skiagram bj Mr E W H Shenton Condi- 
tions on the nght side were normal, except for some shght patchy 



Fjg 327 — Removal ol second right costal cartilage for 
introduction of radium needles into growth of superior 
mediastinum 

Opacity to the nght of the aorta but a definite rounded shadow 
extended the aortic opacitj to the left The 2nd left costal cartilage was 
resected, and 100 mg of radium was introduced into the mediastinum 
m the region of the tumour As a precaution a 25 mg tube was abo 
mtroduced on the nght side A radiograph taken tw o montlis later w a» 
practically indistinguishable from a radiograph of the normal chest 
However, in December, 1921, there was a re development of the growth 
to the nght of the sternum, and further treatment was necessary 
Radium (125 mg) was buned to the nght of the sternum for twenty- 
four hours and 25 mg to the left of the sternum Radium treatment 
was supplemented throughout, and dunng the last tw o y ears replaced 
by X ray treatment giv en by Dr R Knox Earlv in 1921 dyspncea, 
and dullness at the base of the nght lung, appeared Death occuired 
m March. 1924. four and a half years after the first operation For 
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nearly four y ears after the treatment of this apparentl\ hopeless case 
\vas begun, the patient Ifved a fairly normal hfe, and he was travelling 
abroad as late as 1922 Plates II and III, four radiographs b> Dr 
Knox, show the condition of the thorax at different penods 
Postoperative prophylactic X-radiation — Most surgeons, unless for 
malignant growths refractory to X rays, such as squamous carcinoma 
and melanotic sarcoma advise a subsequent prophylactic course of 
high-voltage X-rays In my opinion this precaution is valuable and 
never to be omitted In breast cancer it certainly lowers the percentage 
of superficial recurrences in the region of the scar The course should 
be a short one, not so severe as to lower the patient’s general health, 
vitality, and power of resistance The aim should be to irradiate a 
wide circle around the point where the growth started This area must 
be accurately centred, and m the case of breast cancer should be a 
circle 12 in in diameter so as to include any portion of the microscopic 
growing edge which maj have escaped operativ e removal I hav e seen 
the best results where the X-rays without injunng the skin, have 
produced deep pigmentation over a wide area The technique of 
postoperative X radiation is purely a matter for the radiologist, and 
cannot here be discussed 



CHAPTER XIII 

OPERATIONS ON THE BREAST 

By W. SAMPSON HANDLEY 

L)'mphatic anatomj. Axillary glands — Poiner and CunCo descnbe 
the IvTnph glands of the axilla as grouped in three mam chains, follo\nng 
respectivelv the axillary , the external mammirv , and the subscapular 
arteries and converging to an apical group of subclavicular gland< 
In addition, there is a central group embedded in the fat of the axilla 

1 The humeral chain compnsing four or five glands, accompanies 
the axillarv vessels King internal to the vein Glands forming a 
downward continuation of thi» cliain follow the upper course of the 
brachial arten and ma> be found cancerous m some late cases of 
breast cancer— a fact first pointed out b\ Lockwood The humeral 
glands receive most of the IvTnphatics of the arm Tlitir eilerent 
vessels terminate in the central group, the subclavicuhr gland', and 
in a gland situated above the clavicle in the subclavian tningle 

2 The thoracic chain consists of two or three glands placed in the 
second or third intercostal spice in front of the trunk of the external 
mammar> arterj just under cover of the lower border of the pectoralis 
major These are the glands first affected in breast cincer In addition, 
there are m this group two or three glands placed behind the exterml 
mammarv vessels m the fourth and fifth intercostal spaces The 
anterior thoracic glands receive Ijmph mainly from the breast and the 
muscles lying behind it the postenor thoracic glinds receive hm- 
pliatics from the lateral wall of the thorax The effen.nts of the thoracic 
chain mostlv end in the glands of the central group, but gencralU a 
few vessels pass direct to the subclavicular glands 

3 The scapular chain of six or seven glands lies along the subscapular 
arterv in the groove separating the teres major from the subscapularis, 
and is not affected carlv m breast cancer, since its efferents mainh 
come from the scapular region 1 1 empties into the humeral and central 
glands 

4 The central £roup, three to five in number, lies near the ba«e of 
the axilla and receives efferents from the preceding groups having no 
lymphatic temtorv of its own Efferent vessels pa«s to the sub- 
dav icular glands 

5 Tlie s ihclaiicular glands (often called subclavaan glands) con«i«t 
of SIX to twelve glands King at the verv apex of the axilla, below the 
clavncle. above the pectoralis minor? behind the great pectoral and the 
costo-coracoid membrane, and internal to the axillary vein It is best 
not to call these subclavian glands, for the name, though literally 
accurate, suggests a relation to the subclavian artery which they do 
not possess Internally , they rest on the fiRt digitation of the serratus 

59S 
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magnus The> possess great surgical importance, for the> are often 
affected early in breast cancer, and their position enables them to 
elude the inexperienced operator One of the glands of the group often 
lies m front of the axillary vein, in a prolongation of the axillary fat 
which passes upwards across the vein towards the tip of the coracoid 
process 

The afferent vessels mostljf come from the other axillarj glands 
which converge to the subclavicular glands The> also receive a vessel 
running along the cephalic vein, and a branch accompanjing the 
acromio-thoracic arterj, which comes from the breast through the 
great pectoral (Rotter) This vessel ma> bnng about the infection 
of the apical glands in breast cancer before the lower axillary glands 
are invaded — an important suigical fact The efferents of the sub- 
clavicular glands after forming a plexus unite into a single trunk, 
which runs in front of the subclavian vein, behind the subclavnus 
muscle, to terminate m the great veins m the angle where the internal 
jugular joins the subclavian vein It is important to notice that nearly 
always one of the efferents of the subclavicular group passes into a 
gland m the subclavian triangle, and this is one route b> which the 
supraclavicular glands arc attacked 
Internal mammary glands {syn , retrosternal parasternal sternal 
antenor mediastinal glands) — ^The internal mammary glands he along 
the arterj’ of the same name, half an inch outside the margin of the 
sternum In front of them are the antenor intercostal fascia and the 
internal intercostal muscles behind them lie the internal mammarj 
artery and vein, and the pleura which in this situation is lerj thin 
The gland m the third space has behind it the tnangularis sterni 
Jlr Phihp Stibbe re-investigated the anatomy of these glands He 
found four or five on each side, one each in the first, second, third and 
fifth or sixth spaces 

In breast cancer they possess much surgical importance Tlie> 
receive, along the course of the perforating branches of the internal 
mammar> artery , small tributancs from the pectoral Ijmphatic plexus, 
which, of course, is connected directly \vith the breast 

The efferent vessels of this chain of glands unite into a single trunk 
which empties itself into the antenor surface of the junction of the 
internal jugular and subclavnan veins It is, however, important to 
notice that frequentlj one of the efferents is tnbutar> to a gland in the 
subclavian tnangle lying just superficial to the subclaxian arterj, and 
that gland infection of the neck maj anse bj this route 

MAMMARY CANCER 

Evolution of the treatment of breast cancer. — A very bnef history 
of opinion and practice in the treatment of breast cancer may have 
some practical value In 1867 Charles Moore at the Middlesex Hospital, 
stressing the local ongm of cancer, insisted upon the removal of the 
whole breast and of unsound adjoimng structures, including the axillary 
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glands In 1882 Mitchell Banks gave similar ad^ce, and insisted on 
the routine removal of the axillarj glands, as did also Samuel Gross in 
1888 Sir Harold Stiles in 1892 demanded the fashioning of extensi%e 
skin flaps so that the outl 3 ’ing portions of the breast could be reached 
and the organ completely removed He found that cancerous lym- 
phatics are frequently present throughout the breast, and his teaching 
was followed by Sir Watson Cheyne (1893) 

\\ S Halited (189-1) was the first to advocate routine removal of the 
sternal portion of the great pectoral muscle In some other respects 
his operation was infenor to that of Stdes and Cheyne, removing an 
unnecessary amount of skin, but not fashioning skin flaps, so that the 
removal of the subjacent deep fascia was inadequate It was Halsted 
who converted world opinion to the necessity of a wide monobloc 
operation, and any operation of a radical nature is often loosely called 
by his name 

In 1906 I showed the danger of invasion of the abdomen through 
the epigastric deep fascia and advnsed the removal of the upper part 
of the antenor layer of the rectus sheath Abdommal recurrence, 
formerly common, is now m consequence rare I also showed that the 
disease when it reaches the limits of the breast, continues to spread 
by permeation m the lymphatic plexus of the deep fascia, and advocated 
the removal of a circle of deep fascia, 10-12 in in diameter and centred 
upon the pnmary growth, as perhaps the most important step of the 
operation My operation has proved most satisfactory in preventing 
local recurrence, which is now very' unusual 

Late recurrences at the edge of the sternum and in the supraclavicular 
glands remained frequent I traced them to invasion of the internal 
mammary chain of glands before operation * Since 1920 I have mtro- 
duced raium tubes at the time of operation to deal with this danger, 
and ” parasternal ” recurrences have since almost disappeared from 
my practice Radiologists who are not anatomists have failed to 
realize that radium tubes can with certainty be brought into close 
proximity to the internal mammary glands, and have cnticized the 
method as a ' hit or miss *' one, or as failing to secure " a uniform 
field of radiation, but it has been justified by a 10 per cent reduction 
of three y ear recurrences 

I note wnth some concern that local irradiation of the internal 
mammary glands at the time of operation has not been generally 
adopted It is a rational step, based on a combination of clinical and 
pathological evidence I am not convinced that external radiation can 
effectively replace it Adair and Stewart, at the Memorial Hospital m 
New York, subjected 89 cases of operable breast cancer to radiation by 
a 4 g radium pack at a distance of 6 cm , usmg five ports and giving 
20,000 to 44,000 m c lir per port In spite of this vigorous treatment, 
on subsequent operation viable cancer cells w ere found m the breast m 
28 per cent and in the glands m 73 per cent, of cases f 

•Surt, Cyn^ OW, Dec.. 1927, »I» 721 

^AnH efSurg„ 1933 CU. 254 
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Buned-tube radiation — In 1924 Mr Geoffrey Keynes began to 
employ buried radium as a complete substitute for operation, choosing 
at first fifty advanced or inoperable cases Sin. of these patients arc 
alive nearly ten > ears after treatment, and five are free from recurrence 
Many of them lived for periods up to eight years v ithout external signs 
of disease For this class of case Ke 5 mes’ method constituted a great 
advance 

In 1928 I pointed out the difficulty of ensuring adequate radiation 
of such a large volume of tissue as is represented by an adipose breast 
together with the whole contents of the axilla I concluded that 
“ operation still remains a necessity to remove the bulk of the disease 
and to reduce the problem of the radiologist to manageable proportions 
For the present at any rate, surgery and radiology must be colleagues, 
not competitors To use cither means alone is to fight a dangerous 
antagonist with only one hand ’ 

Restricted operation combined with buried tube radiation — The dis 
advantages of buried radium alone have been described by Mr Keynes 
in a recent paper * 

" The patients were carefully observed and in due course a 
certain number of failures were noted These failures uere 
either showai by incomplete disappearance of the primary tumour 
or bj the appearance of recurrent nodules in the breast or in 
the skin In a number of patients these residual tumours were 
remov ed and examined nine months or more after the irradiation 
It was then found that m 50 per cent no discoverable cancer 
remained the tumour consisting entirely of fibrous tissue In 
the other 60 per cent there was evidence of active cancer Tins 
result led to a reconsideration of the procedure, and it uas 
realized that the failures might reasonably be attached to the 
physical limitations of radium needles The penetrating poucr 
of the rays is strictly limited and many of the tumours were 
too thick and bulky for the gamma nys to penetrate tlicm 
effectively, so that the cancer cells at the centre or at the surface 
did not receive a Ictlnl dose The bulk of the tissues to be 
irradiated did seem to be a senous obstacle unless the dosage 
of radium w ere to be greatly increased, and to this there w ere 
other objections " 

Moved by these considerations Mr Keynes now more frequently 
removes either the tumour or the breast before imdiation according 
to circumstances but without removing the j^ectoral muscles or 
dissecting the axilla, following the policy mitnted by Mr Duncin 
ritzwilhams, and securing “ a mmimiim of mutilation " He chims 
that axillary recurrence never takes place, and summarizes lus policy 
as follow s — 

1 Local removal of tumour if it is large or the diagnosis is 
uncertain, followed by radium 

• Dni SM Jam Oct.2. 1937 ii ftO 
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2 Local removal of the breast if the tumour is bulk> 
followed b} radium 

3 Never dissect the axilla 

4 Radium by itself may be used (n) if the tumour is of 
moderate size and the diagnosis certain on climcal grounds 
(6) if the patient refuses operation 

From the statistics he gives based on 250 cases the results of Keynes 
treatment in operable cases appear uithm the limits of error to be 
neither better nor u or^e than ^e results of operation alone 

Kejmes frankly states the disad\antages of his present methods 

1 The results are difficult to interpret since residual lumps vhich 
may or may not contain b\)ng cancer cells are frequently found 

2 Post irradiation fibrosis may appear as late as tno years after 
treatment m the positions where irradiation has been most intense 
Fibrous lumps may appear on the inner wall of the axilla, and may 
arouse suspicion of recurrence 3 There is an increased liabihty to 
neuralgia or rheumatic pains in the treated area 4 Post irradia 
tion fibrosis of the pectorals may produce lumtation of movement 

It thus appears that the onginator of the buned radium alone 
policy for breast cancer has receded <ome\vhat from the position be 
ongmally adopted v\ ith regard to radium as the sole remedy for breast 
cancer 

According to Todd and Dawson* the method has been almost com 
pletely given up in Edinburgh Of 32 cases treated from 1030 to 1932 
only five surv iv ed fi v e y ears of w hich four vv ere stage I w ithout palpable 
axillary glands A consensus of opimon seems now vnthin sight 
that a combmation of operation with simultaneous radium tube 
radiation is best for the average case of breast cancer Difference of 
opmion still remains as to the relative scope of these two elements 
\\hile some surgeons would trust to radium for the outlying extensions 
of the tumour m and beyond the breast and m the axilla others 
myself among them regard the present tendency lo expenmental 
restnction of the operation as dangerous Adimttmg that an operation 
is necessary the present radical operation is so safe and so free from 
discomforts and sequehe that there seems httle reason to modify it 
Jlr Keynes stresses the mutilation it produces and the immediate risk 
to life w hich he places at 8 per cent He speaks of brawny arm as a 
not mfrequent sequela and thinks that the operation sometimes 
produces widespread local dissemination 

His impressions are not in accordance vvuth the facts as I have found 
them in my own experience The mortahty of the operation is a 
fraction of 1 per cent pam and shock after the operation are absent 
or sbght and a brawmy arm resulting from the operation is hardly 
ever seen It only occurs m cases with supraclavicular recurrence It 
may be questioned whether on the average a partial removal of the 
breast gives a better cosmetic result than complete mastectomy 

• E and S. livmptoK CdnSoisb Cvar 1937 p.39 
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Restriction of movement from fibrosis of the pectoral muscles is not 
rare after radiation, so that fonctionallj’ the radical operation probably 
gives a better result A puckered breast can hardly be beautiful, and 
radiation always causes fibrosis Psychologically the long period of 
waiting for the lump to disappear, and doubts as to the nature of any 
residual lump, impose a strain on the patient and her medical ad\ isers 
which may prove in the long run much greater than that of a radical 
operation 

It is at present too soon to estimate the value of the method of local 
excision plus implanted radium, and personally I do not feel able 
to recommend it with confidence 

On the whole I conclude that the standard treatment for breast 
cancer should be radical operation with implanted radium in the 
supraclavicular and along the internal mammarj' glands This rule 
applies especially to — 

1 Patients w ith voluminous breasts in \\ hom unless the grow th 
IS unusually early the mere volume of tissue to be radiated 
may be an insuperable difficulty 

2 Left-sided breast cancer in patients with cardiac weakness or 
disease 

3 Patients with operable but ulcerated and septic growths 
Extensive sloughing may follow the use of radium in such 
cases 

In a large percentage of cases excluding those just mentioned, the 
patient may be offered a cliotce between (<i) radical operation with 
parasternal buned radium {b) limited excision with buried radium, and 
(c) buried radium alone My view is that the first alternative offers 
a greater measure of security and a more immediate relief from anxiety, 
at the cost of a very small operative risk 

In certain cases, I would definitely advise implanted radium in 
preference to operation If the growth is infiltrating the intcrcostals 
or if the axillary glands arc fixed, implanted radium may, nevertheless, 
give valuable and prolonged palliation It may be combined with 
limited diathermic remov al of an ulcerated growth 

Also, m small growths starting at the periphery of the breast, and 
often also in carcinoma of the male breast, radium implantation seems 
to hold the advantage ov cr operation, owing fo the cfiihcuffy of centring 
the operation on the primary grow th and, m the male, to the difficulty 
of fashioning skin flaps 

Tor the average case, the plan to which I still adhere is to remove the 
accessible portions of the disease by radical operation, and at the same 
time to deal with possible intra-thoracic extensions by buned radium 
From 1927 until 1939 1 partly did the operation by the diathermy needle 
hoping to eliminate shock, les'=en bleeding, seal the channels of absorp 
tion, and remov e the nsk of implantation Tlie jicnphcral fnnge of the 
circle of deep fascia need not be actually remov cd prov idcd the tlia- 
thermy needle sears it, so that the technique of the operation is 
simplified and its extent diminished Defence regulations, making 
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difficult the use of diathermy apparatus ha\e since led me to return 
to the scalpel I have failed to detect any long range inferiority m 
results compared nith diathermy and convalescence after the knife 
operation appears to be smoother and perhaps more rapid The 
advantages of diathermy seem to be largely theoretical and I v\ ould 
now only adv ocate it in special cases e g ulcerated growths 
Mode of spread — It is evidently of great importance to surgeons 
to know m detail how breast cancer spreads The statistics of diverse 
methods of operation are an uncertain guide to the ideal method of 
operation Here as m other medical matters statistics can only 
occupy a secondary place as supplymg confirmatory evidence of con 
elusions already readied by pathologi^ research 

Some years ago I tried to rationalize operative methods in breast 
cancer fay a careful study of the phenomena of dissemination The 
pioneer w ork of Stiles and Heidenham had been restneted to the spread 
of cancer within the limits of the breast itself and did not produce 
even in the mmds of those authors themselves any doubt as to the 
theory of dissemination then current namely the embohe or water 
carnage theory The cancer cells set loose from the primary grow th 
were imagined to be swept along like dnftwood by the lymph or the 
blood stream until arrested in some narrow channel There can of 
course be no doubt that such lymph emboh are the agents which 
infect the axillary glands in an early stage of the disease But a study 
of the other secondary deposits accessible to observation viz those 
in the skm and bones shows that these deposits beginning near the 
pnmary growth spread in a centnfugal manner from it This is 
illustrated for bone deposits m the following table — 


Frequency of Cvxcerous Deposit or Spontvveous Fracture is 
329 Cases of Majimarv Cancer at the Middlesex Hospital 

NO of percentage 
bone cases OF TOTAL 


Bones lying ipJioUy or parti 
ally wiihin the area liable 


Bones lying beyond the area 
liable to subcutaneous 
nodules 


/ Stemuni 

so 

90 

[Ribs 

28 

80 

1 Clavicle 

5 

1 5 

JSpme 

12 

8 6 

Cranial bones 

9 

27 

iScapula* 

1 

OS 

1 Femur 

14 

4 2 

I Os innommatura* 

0 

00 

« Humerus 

9 

27 

Radius 

0 

00 

Ulna 

0 

00 

Tibia 

It 

03 

Fibula 

Patdla 

0 

It 

00 

03 

Bones of hand 

1 

03 

Bones of foot 

0 

0 0 


•Ttisbooe owing tc 
at ao autopsy 

t Knee ankylosed, Ici 


ts shape is not mneb Gahte to spcoUseoiis Inctore and rarely i 
Uf affected In IW wlaJle bngth, with rrteasion of growth to patella and boaJ 


under observation 
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Subcutaneous nodules are found to obey the same law Thej appear 
first near the pnmary growth, and spread from it in a larger and larger 
circle, but this circle hardly ever spreads below the elbow or below the 
knee, because the patient dies before it has been able to reach the fore- 
arm and the leg Yet it is m the distal ends of the limbs, above all 
other places, that the effects of embolism might be anticipated 
These exceptional cases of very extensive centnfugal spread show on 
a large scale what is occurring to a lesser extent in every case of breast 
cancer If long centnfugal stnps of the skin and subcutaneous tissues 
are taken in a direction radiating from the pnmary growth, there will 
befoundmthem,atpointsnearthegrowth isolated secondary nodules 
Tarther out, at a varying distance up to 10 m from the pnmary grow th. 



F»g 3z8 — Permeation of the pectoral fascia in hreast cancer before the breast has 
become adherent to the fascia The axillary glands were free from growth XS5 

A Loose atrolar tissue between the breasl and tbrpetWjUawU B Fectaral loscIXihowingdarklj'-iUinnl 

penceated l^wplut e vessels C rectnnl musete 

a narrow and elusive zone a few millimetres wide will be found on the 
deep fascia where its lymphatic vessels arc choked by cancer cells 
Beyond this zone only normal tissues will be seen The zone occurs in 
each of the radiating stnps, and is a section of a large circle which 
constitutes the true growing edge of the disease This microscopic 
growifig edge may be found at any du»tancc up to 2 ft from the pnmary 
growth, and its detection is the foundation-stone of the pennc-ition 
theory of dissemination By permeation is understood the choking up 
of the lymph-vessels by the growth m continuity of cancer-cells along 
them 

The facts can only be explained as follows The immense prolifera- 
tive pressure of the epithelium at the pnmary focus forces cancer-cells 
into the lymphatic vessels, along which they grow in continuous lines 
Reaching the lymphatic plexus to which the brcist in the first instance 
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dnins namelj the fascial plexus lying upon the great pectoral mu'^cU 
permeation in\ol\es a larger and larger circulir area of this plexus 
filling up Its channels with lines of cancer cells and sending offshoots 
into the adjoining muscular and cutaneous lajers Sooner or later 
carcinoma cells are thus brought into the serous cavities and rapid 
visceral dissemination ends the patients life 

Since the existence of fascial Ivmphatic vessels has been rccentl} 
denied I here insert a photograph (Fig 828) of permeated lymphatics 
in the pectoral fascia 

It may be objected that if permeation were so important a process 
it could not so long have es- 
caped ob«cr\ ation The answ er 
is that it IS a fugitive process 
the evidence of whfeh is soon 
obliterated Permeation t f 
the Ivmphatic is followed bv 
the curative process to which 
1 have applied the name of 
penljanphatic fibrosis which 
obliterates the lymphatic and 
destroys the cancer ccUst con 
tamed in it The fibrous lym 
phatic IS no longer a permeable 
vessel but merely an unrccog 
mzable thread of solid fibrous 
tissue Pcnncation in its con 
tmuous slow centrifugal 
spread leaves behind it only 
an almost undetectable net 
work of fibrosed lymphatics 
or an occasional isolated 
secondary nodule where the 
protective process has failed 
hreast cancer may be a>n 
ccivcd of as a gigantic 
ringworm of permeated 
lympliatics situated in the plane of the deep fascia 

Operative principles — The mam operative pnnciples deduced from 
the permeation theory are these 

1 The area which needs widest removal is that in which the growing 
edge is situated viz the deep fasaa for in this laver is found the 
lymphatic plexus which forms a highway for the spread of the disease 
beyond the limits of the breast 

2 The area of deep fascia removed must be circular in outline since 
permeation spreads with approximate equality in all directions from 
the primary growth (Tig 829) 

3 The pnmarv growth must always be the centre oj the area oi 
fascia removed 



Fig 329 — Area c( fascia remored m Handley s 
operation for breast cancer 
V luppl P inoiiry srowHi- 
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4 The skin and muscles being secondanly involved over a smaller 
area and less widely than the fascia, the removal of a smaller area of 
■these tissues u ill suffice The removal of the axillary lymphatic glands 
in continuity with tlie pnmary growth is, of course, essential, since 
emboU of cancer-cells reach them early along the trunk Ijmiphatics 

A specially important mode of invasion of the viscera is that which 
I have described as epigastric invasion. It might' naturally be expected 
that permeation would always reach the pleural cavity immediately 
underlying the pnmary growth before it penetrated to the remoter 
pentoneal cavity But this is not the case After death, secondary' 
deposits are found m the abdomen alone m 12 per cent of all cases 
of breast cancer, the thoracic cavity remaining entirely free from 
metastasis The embolic theory fails to account satisfactorily for the 
failure of the cancerous particles which must presumably'have passed 
through the pulmonary circulation to infect the lungs on their way to 
the abdomen 

These cases of purely abdominal dissemination are usually caused 
by the direct infiltration of the abdominal panetes in the epigastric 
region, ]ust below the ensiform cartilage This point is the Achilles' 
heel m the defences of the body cavity against breast cancer,* for, 
ulien the circle of fascial permeation has spread about an inch beyond 
the circumference of the mamma, the cancer-filled lymphatics of the 
fascial plexus in the middle line, just below the ensiform cartilage, 
are separated from the subpcntoncal fat only by a single thin hjor of 
fibrous tissue, the hnea alba I have traced all the stages in the 
invasion of the abdominal cavity at this point, and have shown how 
the cancer further spreads from the epigastric parietal peritoneum to 
the adjacent convex surface of the liver, or to the portal glands, and 
how cancer-cells may fall through the peritoneal cavity and give 
rise to pelvic metastases 

In the operation for breast cancer, no particular attention has 
hitherto been paid to the epigastric region The operation, while 
safeguarding the thoracic cavity from invasion, ignored the danger 
of abdominal imasion Yet, as I have shown the latter may be 
the earlier and consequently the more important event In the 
epigastric region the fascial lymphatic plexus lies upon the anterior 
layer of the rectus sheath, which must 6c removeif m so far as it 
comes within the limits of the presumably infected fasdal circle 

Contra-indications to operation. — Operation should be refused — 

{a) Wien the primary grow tli has attacked the bony thorax 
(ij In the presence of cancer cn cutrasse or of subcutaneous 
nodules or skin infiltration situated more than 2 or 8 m 
from the pnmar>’ growth, or of extension to the opposite 
breast or axilla 

(c) If there is a fixed mass of growth in the axilla eMdcntl> 
adherent to its walls 
{({) If there is redema of the ann 
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(e:) If the supraclavicular glands are enlarged hard and fixed 
(/) If there is evidence of xisceral or bone metastases 
(g) If there is incurable constitutional disease tuberculosis or’ 
diabetes for example likely to be fatal uithm a short period 
or to lead to a postoperati\ e fatahty 
(/i) If the growth is of the acute fulminating t>-pe 
(0 In old age if the growth is of the hard chronic varietj 

In the absence of signs of internal dissemination certain cases which 
ha\ e passed the limit of operability may still be amenable to treatment 
by buried radium A combination of restncted ablation and radiation 
may be advisable in massive ulcerated and infected growths with 
limited dissemmation Such cases are not suitable for radium alone 
in view of the extensive sloughing that would follow 

Exanunation — complete medical examination of the patient 
should be made before operating The spme should be exammed for 
angular curv ature Seats of pam e g the trochanters should receiv e 
especially careful attention and an X ra> examination of the thorax 
is advisable 

Examination for secondary deposits — A careful exanunation of the 
epigastnc panetes for subcutaneous nodules— a sure indication that 
infection of the abdomen has already taken place— should be made 
especiallj if tenderness or pam is complained of in this region Pal 
pation of the liver must not be omitted Above ah it must not be 
forgotten that the first sign of epigastnc invasion may be found in the 
pelvis from the gravitation into it of cancerous particles A recto 
vaginal examination must be routine and the presence of pelvic 
pain enlargement of the ovanes or induration m the recto vaginal 
pouch should raise a grave suspicion that the disease is inoperable 
It should be noted that early secondary cancer of the pclvns does not 
fix the uterus 

Atrophic scirrhus demands espeaaJly careful exammation for in 
spite of the quiescence of the primary growth dissemination mi} 
have progressed far But if no such insidious spread is found opera 
tion should not be refused Old age is no contra indication to operation 
m Itself but demands some restriction m its scope I hav e operated 
ow w patient oxer SO xx ho died mote thaw tew. later of paeumQtiia 

vv ithout recurrence Cases presentmg enlarged supraclavicular glands 
if the glands are still raov able should not be demed operation Thougii 
in such cases optimism is misplaced freedom from recurrence for 
penods up to ten y-ears or more may be secured if excision of the 
glands IS accompamed by radium treatment Tlie glands can usually 
be remov ed at the same time as the breast Among 76 cases recorded 
by HaUted m which three years after operation no recurrence had 
taken place there were 9 in which cancerous supraclavicular glands 
had been removed 

Palhatiie operations — It is often justifiable to operate m cases 
where cure seems beyond the range of hope Such operations are 
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directed {<i) to prolong the active and useful penod of life and postpone 
disability (6) to suppress the external manifestation^ of the disease 
and relie\e the patient of the distress and pain associated with an 
ulcerated tumour They are to be recommended only where it seems 
reasonably probable that no external recurrence w ill take place before 
internal deposits the seeds of which are probably alreadj present will 
end the patients days m a comparati\ ely merciful way With 
present day radiological methods the scope of such palliative operations 
‘is much widened and an additional period of two to fne years of 
activity and freedom from pam may be secured A patient with 
extension to the opposite breast and axilla for whom I performed a 
bilateral operation removing both breasts and the axillarj glands of 
both sides in one continuous mass did active work as a laundress for 
two years afterwards Another patient the mother of a >oung 
family was refused operation by the surgeon w horn she first consulted 
She accepted my offer of a sporting chance and subsequently did 
five years active house w ork before she succumbed to thoracic deposits 
There was no external recurrence 

Technical Variatioxs in the Mode or Operation 

It IS obvious that there are many different ways of attaining the 
object defined earlier (p 557) as the removal intact of the permeated 
area of lymphatics w hich surrounds the pnmary grow th and of the 
embolically invaded glands Any variation of method which does 
not violate the canons of pathology may be adopted m order to secure 
some particular advantage or merely at the personal preference of 
the operator 

Methods in which dissection of (he axilla precedes removal of (he 
breast — ^There is something to be said in favour of clearing the axilh 
before the breast is abhtecl As Gross pointed out the axillary 
tissues maj be found so involved in growth that their removal is 
impracticable This is discovered at once before the operator has 
gone too far to turn back It is m such cases that the method finds 
its best application They arc usually recogmrablc beforehand as 
doubtfullj operable cases If the axillary glands are partly fixed or 
unusually large the axilla should be explored as the first step of the 
operation and the Rodman method may be conveniently adopted 
Rodman believed that by early division of the axillary Ijonphatics the 
risk of expre<ising cancer-cells into adjacent and even possibly 
remote tissues could be avoided It seems however just as likely 
that early division of the lymphatic trunks will increase the nsk of 
implantation of cancer cells m the wound Another advafitage 
claimed for the operation is that the breast is left as a warm covering 
for the thorax until the operation is nearly complete Tins end can 
be just os well secured by relays of hot towcU It was further claimed 
by Rodman that hajmoirlnge is very much less when the branches 
of the axillary artery are exposed early and ligated at their origin 
Tins may be true to some extent but tlie most troublesome source 
21 
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of bleeding nainelj the perforating branches of the internal nnramir> 
arterj is left to be dealt ^\^th later Pen>onaIl 5 behc\ing that the 
^emo^ al of the infected circle of deep fascia can be more certainly an 1 
deliberately done before the avilK is opened and that this is the 
most important step of the operation I ha\ e not adopted any of the 
axilla first methods I ha\e not found that the breast first 
method imohes serious bleeding unless the mistake is made of using 
ether as the an'esthetic 

Rodman’s operation — ^The axilla fir»t method is said to ha\t been 
first practised b\ Me\er It is adsocated also by Iv ocher and b\ 
Rodman As the method constitute^ an important technical \ anation 
in operative procedure and violates none of the canons of pathologv 
I shall quote a part of the late Prof Rodman s account of his 
operation * 

A straight incision is made beginning 1 in bclovi tJic 
clavicle two finger breadths from and parallel v^ith the sulcus 
between the deltoid and the clavicular portion of the pectoraUs 
major It extends well below the free edge of the pcctoralis 
major muscle and m extent wall usualK be from 5 to C inches 
or more according to the stature of the subject and the size 
of the brtast It is rapidly earned dowai through skin and 
superficial fascia to the fascia covering the great pectoral 
muscle No IiTmorrhage of con equence is encountered thus 
far I prefer to place this inci<ion not too close to the arm 
for in m\ judgment incisions extending on to the arm result 
in cicatrices which often senou ]\ interfere with the future 
usefulness and less frequently cau c redema of the hmb 

Tlie index finger of the left hand is now introduced beneath 
the lower border of the tendon of the great pectoral mii cie 
and made to emerge above its upper border or in the interval 
between the costal and clavicular pprtions if one vm«1ics to 
remove onh the costal ongm of tfic mu‘5cJc and diiision of 
the tendon is effected al or near its insertion into the humerus 
This ma\ be facilitated b\ dissecting up the external flap 
slightlv and u«ing retractors I mv'uilf sec no reason for 
removing the clavicular portion m the average case and there 
fore leave it unless the grovith is penphtral and m the upper 
hemisphere Tlien unquestionablv the entire muscle should be 
sacnficcd Onlv a «hght dissection will be necessaix todiscover 
the lower edge of the tendon of the pectorahs minor Tins 
should be clearly identified and separated from the farfia 
covenng the tendon and below it Otherwase the long tliorarjc 
artery which nins in the fascia parallel with and just btlow the 
tendon may casUv be wounded 

The index finger is now introduced underneath the muscle 
and made to emerge at its upper border Lifting up the 

• “ Dmxki oI is« Brr* t." rfca»iel?**l4, I9CS. 
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muscle, the tendon is made tense and prominent, so that it 
can readil\ be seen that no other tissues are included with the 
tendon The acromio thoracic arterj runs just above and 
parallel with this tendon, and, being a branch of considerable 
size might cause some little embarrassment if it were cut at 
this stage of the operation Tliereforc we ha\e the acromio- 
thoracic artery parallel with and just above the upper border 
of the minor pectoral tendon the long thoracic parallel with 
and just below its lower border Both can eisilv be avoided 
if care is taken I have never as vet wounded either vessel 
nor IS there excuse for doing so The tendon is divided at its 
insertion into the coracoid process Both muscles retract 
inwards as soon as their respective tendons are severed This 
at once uncovers the axilla and makes its subsequent thorough 
dissection easv The costo-coracoid membrane is now opened 
and largels sacnficcd which gives cas> access to the sub 
clavicular fat at the apex of the axilla — in the space of Mohren 
heim In removing a part of the costo coracoid membrane, 
tlie cephalic vein at the upper and outer aspect of the wound 
must not be wounded There is also m the fascia a branch of 
the acromiothoracic which with its accompanving vein, 
should be clamped and tied A nerve supplving the pectoral 
muscle mav as well be sacnficcd now as it neccssanlj must 
be later on when the muscles are removed 
” The dissection is begun at the apex of the axilla and must 
be carefuU} conducted lest mjurv be done either to the axUlarj 
vein or the acromio thoracic arlerv It should be from above 
downward, though this is perhaps somewhat more difficult 
than making the dissection from below upward 

' In the removal of the fat and fascia in the upper third of 
the axilla the finger, covered bj several thicknesses of gauze, 
will be all that is necessary Instruments are rather dangerous 
unless used most cautiously Moreover, they are unnecessary 
" I now carefully make an incision through the fasen to the 
outer side of the axillary vessels simply to start the dissection 
from without inward Tins is made to the extent of the lower 
two thirds of the axilla and not m the upper third, whereat is 
dangerous to cut I continue the dissection largely with 
gauze, but Allis's or Mayo's blunt dissectors mav be used 
freely and are most helpful Occasionallv a cut with scissors 
or a sharp knife facilitates the dissection The instrument of 
Charles H Mayo is more than a blunt dissector, for it can be 
used aUo as a scissors, and is most valuable in economizing 
time, making a change of instruments unnecessary 

"As the sheath and fat arc removed from the vesscL wc 
come down upon the acromial long and alar thoracic branches, 
and the subscapular branch of the axillarv arterv , in the order 
named, from above dotvnvvanls, which, with their acconipanv ing 
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veins, are to be carefullj damped m two places and divided 
between The proximal ends are ligated In this waj the 
subsequent hemorrhage is materially lessened , in fact, it is 
surpnsmg how little blood will be lost durmg so prolonged 
and extensive a surgical procedure 
“The enlarged lymphatic glands will usually be found at 
the base of the axilla between the latissimus dorsi. teres major, 
and subscapulans muscles postenorly , the serratus magnus 
internally , and infenor to a line formerh indicated by the 
situation of the lower border of the pectoralis minor The 
midaxillary and subclavian glands may, however, be infected 
All such enlarged glands and surrounding fat should be carefully 
dissected from the several muscles, and, to do this best, the 
fasaa covering the muscles should be sacrificed In fact, so 
thorough should be the axillary dissection that nothing is left 
on the inner aspect save the posterior thoracic or nerve of 
Bell, on the posterior aspect only the long subscapular nerve, 
and supenorly , possibly the superior thoracic artery , if it arises 
as an independent branch high up on the first portion of the 
axillary In such circumstances it is impossible, m my judg- 
ment to reach it with safety It is so deeply placed that there 
IS great danger of domg senous damage to the vein and artery, f 
the former particularly , if an attempt is made to secure the 
vessel at its root It is a small branch, end negligible as 

far as subsequent hajraorrhage is concerned Moreover, it not 
infrequently arises conjointly with the acromio-thoracic, and 
in such cases Is easily secured with the other vessel 

A thorough dissection of the axilla can usually be finished 
in tsventy minutes, and is entirely accomplished through the 
single straight mci&ion It should be invanably from above 
downward, without inward, and en masse A piecemeal 
extirpation is not to be considered Patience, a good light, 
and working with blunt dissectors, all ensure a safe and reason 
ably speedy dissection of the axilla As we have said sharp 
instruments are not to be used at the apex of the axilla, but 
may materially facilitate the dissection at its base Accidental 
injuries to the vein are not common and, when occurring, are, 
if practicable, to be treated by lateral ligature or suture " 
Rodman goes on to descnbe the removal of the breast, which does 
not differ materially from accepted methods The full account can 
be read in his book 

Handley's Method or Operation 

The operation now to be descnbed appears applicable to almost any 
case that presents itself with climcal signs of mammary carcinoma 
Even if the case be an early one without obv lous enlargement of the 
axillary glands the scope of the operation should not be restncted if 
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the patient is vigorous But in feeble old people a more limited opera 
tion should in any case be practised to minimize the immediate nsk 

Mj method has been arrived at by a critical studj of the procedures 
of various operators m the light of my own studies of dissemination 
Tlie operation first descnbed bj Stiles and Chejme has stood this test 
better than any other and nith some modifications and with the 
addition of routine removal of most of the great pectoral (IHlsted) 
forms the basis of the method 

The operation is not put forward as the only method of removing a 
breast cancer Any number of technical varntions are possible but 
these should all be tested by the pathological criteria now available 

Preparation of the patient — A purgative preferably an ounce of 
castor oil should be given thirty six hours before the operation 
A purgative the night before the operation is undesirable as tending 
to deplete the patient s fluids If the patient is tired or nervous or 
if the heart is flabby a few days rest m bed and small doses of 
strychnine are advisable 

Finzi recommends pre operative \ radiation as tending to increase 
the resistance to growth Personally I would not defer an operation 
for this but if for any reason a short postponement is necessary it 
may be borne in mind 

The axilla should be shaved the night before ojicration and as a 
septic area it should be scrubbed with ether soap and then with acetone 
and iodine Scrubbing of the breast itself is to be avoided as tending 
to massage cancer cells along Us lymphatics TJic breast area is 
simply painted with iodine or mercurochromc solution the night 
before and covered up with sterile gauze until the time of operation 
when it is again painted The area stcnhzcd should in every direction 
considerably overlap the area of operation 

During the operation the arm should be held by an assistant abducted 
to rather more than a right angle It should not be stretched upw ards 
for forcible elevation may cause subsequent neuralgia from stretching 
of the brachial plexus I have even seen one case where brachial 
palsy was thus produced 

The patient should lie close to tlic edge of the table on the side of 
the operator 'The assistant stands on the opposite side 

Choice of anssthctic — Ether even when U is given witliout 
cyanosis causes an undesirable amount of bleeding Personally I 
still prefer C E mixture or for old people pure chloroform but of late 
I have been much impressed by the psychological advantages of one of 
the intravenous barbitunc acid compounds as a preliminary The use 
of o\y gen seems to be adv antageous Minimal bleeding is secured w ith 
pure chloroform prov ided free oxvgenation is maintained Aiiisthesia 
should be light w ith absolutely iimmpcded respiration Ether may be 
used during the operation if signs of shock suiicrvcnc Alild temporary 
shock IS not unusual dunng the stnpping of the breast from the chest 
An injection of morphia gr J and atropine gr lin or of omnopon 
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gr J maj. vith ad\'antage be gnen an hour before operation Trc 
quentl> the puUe at the end of the operation docs not evccctl 60 ncr 
minute if chill is avoided ‘ 

Centring of the operation — The centre of the growth not necessmlv 
the nipple must be taken as the central point of the operation The 
operator is not doing an amputation of the breast -—his 'iim it 
mi 5 be repeated is the removH in one piece enclosed in a slieitli 



^ S 330 — H&ndlej s operation lor breast cancer The incis on. 
e a H the poulb y lofec rJ of ik it. 4 S in. in duav* rr ••tx'h aS tkn ft fi era red M-Ma tt>« 

I;towi)i a. not upn the nipple a. oe * tSr incriliri «l sccoi to h itUU t b > » Coarru j hick 
wards, lad should Ue in the vaol ef the 4i Jj ) jst ttmice eorre et tlm lowTr cd4« ei w en I ml d iwlr 
era tbe taeoion oi seem to fh« epipis n. rrimn lOi iwnt r kim lun t> lb* Koxlcra 
KcdtDilAnt coromelskta BUT b« triauiwdoft It iheriviel heoprrilicn. 

V f ■ li fgu t ke »■ CO It erf- nnui ise i* ftrrvl } 

of normal tissue of (I) the permeated area of tlie Ijmphitic svsttm 
nhicli surrounds the primary growth and (2) the lymphatic glan 
which ma> have been emboiicalI> invaded by the disease Tlip 
permeated area of the Ivmpliatic system nia) evtend considenbl) 
bej ond the limits of the breast 

Skin incision —The skin incision i> onlv just deep enough to open 
up the subcutaneous, fat without catendmg through it into the neigh 
bourhood of the deep fascia It consists of three part- 
(1) A nng tjiciston as first practised bv ^Iitchell Bank.s 4 or 5 m 
m diameter accuratel) centred on the growth and «:urrounding it at 


DISSECTION OF SKIN AND FASCIA 


C16 


a safe distance, slightly tailing off into (2) above and into (8) belou 
It IS a good practice before beginning the operation to mark out by 
a scratch mark the circle of dangerous skm ^^hlch requires removal 

(2) A cur,nhnear giving access to the axilla The axilla is 

opened by turning fon\ ard a rudimentary flap consisting of skm and 
a thin layer of subcutaneous fat, whose base lies along the anterior 
axillary fold Tlie axillaiy incision begins at the lower edge of the 
great pectoral, close to its insertion It ends, also, at the lower edge 
of the great pectoral, by joining the annular incision (1) It crosses 
the base of the axilla, and its convexity reaches back about an inch 
towards the axillary vault It affords perfect access to the axilla, 
and good drainage afterwards Incisions following tlie lower edge of 
the great pectoral muscle arc likely to result m a bndle scar v^hlch 
limits the movements of the arm 

(8) A linear iiictsion coming off from the lower and inner part of 
the annular incision and passing downwards for about 2 m towards 
the tip of the ensiform cartilage Its object is to give access for the 
removal of the deep fascia over the upper part of the abdominal wall 
Without it this important step m the operation cannot be properly 
earned out (Fig 880) 

Elevation of the skin-flaps.— Tlie skin flaps are next undermmed 
in tlie midplane of the subcutaneous fat (Fig 881), until a circular 
area of the deeper subcutaneous fat, 10 to 12 m in diameter, with the 
pnmary growth at its centre, is exposed The exact anatomical limits 
of this dissection will of course, vniy with the situation of the growth 
in the breast The assistant retracts the skm flaps as they are formed, 
and subsequently keeps them carefully wrapped m hot towels fre- 
quently renewed Neglect of this precaution is likely to bo followed 
by severe shock, and htcr by ulceration of the edges of the flaps 

At this period of the operation no attempt should be made to applj 
artery forceps to every small bleeding point Spouting vessels m the 
deep surface of the skin flap should be clamped but bleeding from the 
exposed surface of subcutaneous fat is sufficiently checked bv the 
pressure of large flat swabs for nearly all the exposed vessels will 
again be divided at a deeper level It as often useful to tuck sponges 
beneath the flaps as these are lormcd 

Delimitation of the area of deep fascia to be rcmoicd. — An annular 
incision marking out the 10 in circle of deep fascia to be removed, 
IS now carried down to the muscles through the deeper subcutaneous 
fat close to the base of the skin flaps whicli arc meanwhile strongly 
retracted by the assistant 

Elevation of deep fascia from (he underlying muscles. — ^Tlie circular 
area of deeper subcutaneous fat and deep fascia, in which lies em- 
bedded the presumably jxinneatcd area of the fascial lyanphatic 
plexus, is now dissected from the subjacent muscles for some distance 
from Its circumference tow ards its centre, so as to form a w ide marginal 



CIC OPERATIONS ON THE BREAST 

fnnge of the mam mass consisting of breast pectoral muscles and 
a\illar> contents uhich is subsequent!} to be removed Tlie fnnge 
of deep fascia is to be raised up all round the field of operation until 


I 



Fig 331 -~Vndernuntng el tkut flaps b/aubcutanwus tfMm'viion 
An a. V tant mran >r wl h s {v«lrol ar n-r i-swr* (mUH thrWa 1 In a dm mi «•] at ruii rmicneni 
br the d rwlam of the baa lie el the «T»Tal'»'» knile The htille kerra to tS- me pi no ( i>^. »u j-u aonim 
fat In thin wbjefts or tl (be epera or b fatiprrt tie iapt ttmil be rutni br tin! o*rj- d •wjrwt 

the knife readies either the mii5m of the ffreat ptctoni museJc the 
margin of the axillarj outlet or the edge of the brtast as the ca«c 
may be (Fig *332 ) 

The amount of dissection required h'aneii in different parts of the 
field of operation At the upper hmit of the field the h<ci i mast 
be dissected off the ch\icuhr portion of the great pectoral if it Im 
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been decided to retain the cl'i\ icular fibres of this muscle othenv ise 
m this region the fascn wll come a^say with the great pectoral when 
that muscle is diMdcd at its clavicular origin and very little freeing 
of it will be requisite Towards the middle line it will usually require 
dissecting up from the sternum and in growths of the inner margin 



F g $3* — Eterat art of rfeep f*sc a 

Tho thi >k a Qip* have bvtn ruml 5o » Co expose 3 ctr a of iv itrrprr (ubcuUneoua fit 10 to in in 
tam cr Th re e has Idsrn t u bsct bed by « no* net (on p svn donn Ihttiush Ih deep f scia Tlio 
in uded am of deep fascia con a n ng the ecomng «il«e ot (h« d sRa-« I now be ng raised all raund from 


of the breast from the inner margin of the opposite great pectoral 
muscle In sucli eases the surgeon maj divide and must secure the 
perforating branches of the internal mammarj artcr> on the side 
opposite to the growth Tlie corresponding perforating branches on 
the same side as the grow th are divided later during the detachment 
of the great pectoral 

At the lower limit of the field of operation a 10 in circle of deep 
fascia watli the growth at its centre will usualK extend well down 
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o\er the epigastnc region of the abdomen In this part of the field 
the antenor iajer of the rectus sheath, on both sides of the middle 
line, should be raised up and removed wth the deep fascia To 
accomplish this, the Imea alba must be split from below upwards m 
the coronal plane In the epigastric r^on w^dc and careful remov'al 
of the deep fascia is imperative, so as to p^c^ ent the access of canccr- 
ceUs to the peritoneal cavit} In this part of the field, numerous 
small blood-vessels emerging from the rectus muscle wall probably 
need attention 



P»g 333 — Reflection of pectoralis major 

Tb« t^soA and Ibe of ili« an mor li>vr o* lb- rc^na ibrath have been raised ai f<sr as tb- 

rd^ of the sreat pectsnL Ttu Dtscle bar been divided at lU ocictni and iu (awtire. Ibe prrferaimt 
(alercntali bave been Iml, aad tbr brtasi tm-d over towant Ibe ai Ca. 

Towards the outer side of the field, the fascia must be di'^'cctcd up 
from over the antenor edge of the fitissimus dbrsi and from the serrafus 
magnus Higher up, cspeciallj if the growth lies in tlie outer portion 
of the breast the fa«cia over the inner margin of the deltoid muscle 
and about the postenor margin of the axillar} outlet must be raisctl 
if It falls wathin the circle marked out for rcmo\al although the 
requisite dissection is difficult and tedious A method for overcoming 
this difficult) lb desenbed on p C23 
Division of muscles.— If the growth is an carlv one. or is situated 
low dowai in the breast, it is probablj safe to leave the clavicular 
part of the pectoralis major With thu. exception the whole of the 
great pectoral needs removal (Tig 333) It is first split dobc to its 
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clavicular attachment a finger i& inserted beneath the muscle from 
above so as to put its fibres on the stretch and its chondral and 
sternal attachments are rapidly di\idcd from above downwards close 
to their origin 

It IS best to scrape through rather than cut the origin ot the great 
pectoral from the sternum and costal cartilages In this way the 
perforating intercostal branches are seen and caught in turn before 
they are divided Much bleeding is thus saved and the nsk of trouble 



P‘S 334 — Reflect on ol i>ectora]is minor 

The exposcil layr per oral n UKle tuu hem <1 de«I at iU (nsr ion anil bri;iiuiin< at the very apex ol the 
ax Uiclote to the CUV cle «t»Te Ui« 1 bcU* atari; cMlsarei u ed the ax ary fat and gUnili have been 
t r ppeil diraawacda from the axUUry v n «bcli it now expowid 


s<h'ne oi tho i^cd arteriss Siioaid this 7rjsc 

and if the end of the artery cannot be found the invisible bleeding point 
must be underrun by a suture introduced deeplj into the intercostal 
space wath a small semicircular needle The muscle is lifted from the 
chest and turned outwards and the external anterior thoracic neiac 
and the vessels which run with it are divided where tlic> pierce the 
costo coracoid membrane 

The pectorahs minor now comes into \iew and is beat removed 
except in early cases It is divided at its costal ongm 

The pectoral muscles arc then cut across at their insertion respectu elj 
into the humerus and the coracoid process and the whole mass of tissue 
IS allowed to fall over towards the axiUa (Fig 834 ) 
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Removal of axillar} contents — The co&to-coracoid membrane now 
freely exposed is cautiouslj dixidcd just below the cJaxncle and 
the fat at the extreme apex of the axilla is thus brought into \itw 
It now becomes easy to reach the highest aviUarv ghnds— subclaxnn 
in the strict sense of the word— which so easih escape notice unless 
they are carefully looked for The clearing of the axilla should be 
begun at the ver^ apex of the space hard b\ the clavicle The fat 
in this 'Situation is swept downwards with gauze exposing a short 
length of the vein internal to which a l)’mphatic cord sometimes 
indurated will be found running upwards into the postenor tningle 
This should be seized with dissecting forceps and broken off as high 
as possible Downward sweeps of the gauze now ex"pose one or two 
small tnbutanes of the a\illar> vessels which are caught and divided 
On the inner wall is seen the first digitation of the serratus magnus 
which IS cleared until the external respiratoiy nerve of Bell comes 
into view Ijnng upon it 

The next step is one which may be desenbed as the kej to the 
quick and complete cleanng of the axilla or so at least I hav e found it 
As soon as the nerve of Bell is seen a closed pair of dissecting* forceps 
IS pushed directlj backwards through the tissues just external to it 
and nght through the fascia covenng the subscapularis mu^cIe until 
the red fibres of that muscle arc exposed The point of the forceps 
is moved outwards and a piece of gauze introduced into the mtenal 
thus made sweeps all the tissues of the axilla outwards Tins man 
neuvTe exposes the intercosto humeral nerve which is injected with 
alcohol and then divaded Similar treatment should be meted out to 
the lateral cutaneous branch of the third intercostal nerv e w Inch lies a 
space below The long subscapular nerve which laj just external to 
the forceps is at the same time placed on the stretch and can be 
cleared wnth gauze from above downwards This exposes the sub 
scapular vessels several branches of which wall require ligation 

The upper half of the axiUatj vein now exposed but the lower 
half IS still covered b} a definite fascial liver Ijing behind the tendon 
of the great pectoral This laser is freclj- divided either on a director 
or if practice justifies boldness bv a direct knife*cut in the line of 
the V em \ small arterj is constantlv found in this lav er of fascia 

The remainder of the serratus magnus now cleared by bold gauze 
dissection backwards or if the proximitj of the growtlv makes il 
necessary a superficial Ia)er of the mu-scle u. removed b> the knife 
Either process stops just in front of the nerve of Bell whicli should 
be carefull) preserved If the muscular surface has been shaved off 
the fibres of the elevated portion are cut across just fn front of and 
parallel with the nerve The fatt> tissue of the lower axilla is thus 
reached again and the process of sweeping outwards with gauze is 
resumed until the etlge of the latjssimus dorsi comcs into \ lew The 
surface of this muscle is cleared with a knife as far as is nece&>ar> to 
secure the desired circle of fascia concentnc with the pnmar> growth 
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This part of the dissection vanes much m extent, according to the 
situation of the grouth 

If, m the early stage of the operation, the skin flap has been reflected 
backwards to the full extent desired, the breast will now come awaj 
If it IS found that the skin flap has not been fully reflected the process 
may be best completed by replacing the hanging breast m position on 
the thorax Tlie assistant draws it inwards and phces the tissues on 
the stretch while the operator rapidly and easily completes the 
reflection of the skin flap and the removal of the breast 



Fjg 335 — rnsertion of radium tubes 
T] e brcail tiu bm rmunnl the nrfl’nD tobcs hare been ptierj in pmil on nod the 
drainag' tube bat been Inserted. 


If the operation is performed ^sfematically it nmII not be found 
necessary to do an> *' pecking and minor dissection afteriNards in 
the axillary region Search should be made however, for hard glands 
along the upper part of the btachial artery 

If an adequate supply of artery forceps is a%ailable, say two dozen, 
no vessels ha\e hitherto been tied The ligation of the xesscls is the 
next step, and I haNe alwavs u^ed \cry fine silk, 000 Japanese or 
fine linen thread boiled and then soaked m llOOOwaterj' flavine. 
Catgut has less fnctional grip, and for this and other reasons is not 
so safe 

The whole field of operation is now mopped carefully, with a pushing, 
not a rubbing moxement, and the smallest oozing points arc ligated, 
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In order to ash au ay any loose cancer cells and prevent implanta- 
tion, the uound is imgated copiously uith 3 to 4 pints of l-in-2 000 
perchlonde of mercury at a temperature not exceeding 102° The 
mercury will presumably coagulate any isolated cancer-cells The 
wound IS now flushed with warm saline to get rid of the mercurial 
solution which might damage the surface of the radium tubes 
Radium tubes or needles are now introduced (Fig 835 ) A 
drainage tube about the size of a No 8 catheter is introduced pos 
teriorly through a stab-wound 

Search is made that no swab is left behind, and the wound is then 
closed 

Sutures.-— Trial is made how 
best the incision may be brought 
together The problem vanes 
m each case accordmg to the 
situation of the growth in the 
breast and to the degree of 
IxMty of the skm The most 
striking indirect advantage of 
the wide fascial removal now 
becomes evident This wide 
removal of the deep fascia so 
mobilizes and frees the sur- 
rounding skin that, even after 
the removal of a 5 in circle of 
integument, the edges of the 
incision can usually be brought 
together without the use of 
tension stitches, by a single 
continuous suture of fine catgut 
or sdk, or by metal chps Ten- 
sion in the skin flaps — the pnn 
cipal cause of prolonged shock, 
of pam and discomfort to the 
patient, of impaired circulation 
in the skin flaps and of delayed union and ulceration in the sutured 
mcision — IS thus generally avoided (Fig 836 ) 

Often It wall be found best to bring the edges together m triradiate 
fashion, in other cases as a sinuous line In grow ths of the upper and 
outer quadrant some difficulty may be encountered in covenng the 
raw area and in these cases the axillary flap of skin may be pulled 
inwards to assist in covenng the thoraac gap It is rare to meet 
with a case in which it is impossible to fanng the edges of the mciaion 
together but this may happen m thm women with very small breasts 
and an ill developed thorax— especially if, on account of skin adhesion 
it has been necessary to remove an unusually large circle of the integu- 
ment, In all cases where tension of the flaps is threatened, immediate 



Tl)« coda of the silk atUcItcd to Ibe radhun tnbn sr« 
sees banging out of the ina-loiv. Tbe positions of tl>e 
buried tabis ore ind cated by dotted lines 
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skin-grafting by the Thiersch method should be done, and is most 
satisfactory in its results 

Alternative method of fashioning the skin-flaps.— After the nng 
incision has been made, but before the axillary and epigastnc incisions 
have been marked out, the tedious process of dissecting up the skin- 
flaps may be quickened by the following manceuvre A sharp-pointed 
.narrow knife w ith a blade 3 in long is pushed into the mid-plane of 
the subcutaneous fat from some convenient point m the nng incision 
in a direction radially away from the growth so that the flat of the 
blade lies parallel w itlr the skin surface The left hand is now placed 
flat upon the skin surface and the assistant pulls the breast over m 
the direction towards which the handle of the knife is pointing, so as 
to render the tissues tense With a sawing movement the knife is 
now rapidly carried subcutaneously round the whole circumference 
of the nng incision splitting the subcutaneous fit into two layers 
over an annular area 8 in m width on all sides of the skin incision 
The axillary and epigastnc skin incisions are then made, and the 
operation is completed in the usual manner Great care is necessary 
to prevent the point of the knife from coming too near the skin surface 
and thus scoring the skm flap and impenJJmg its nutrition and m 
spite of the saving of time which it secures,, I hesitate to recommend 
" sitbcttiaueous iraiisfixton as a routine method for fonning the 
skin flaps though, except in thin subjects I always use it myself 
it should be used when there is a fairly thick layer of subcutaneous 
fat and when the operator is confident that he can avoid scoring the 
flaps with the point of the knife (See Fig 331 ) 

Alternative method with deferred raising of the posterior skin- 
flap. — For several years past I liavc modified tlie operation just 
described by making the raising of the postenor skin flap the last step 
of the operation, instead of one of the first Two advantages are 
gained {a) The risk of chilling the badly nourished posttnor flap is 
avoided since its full blood supply is maintained to the end of the 
operation [b) Tlie removal of the postenor part of the fascial circle 
IS teclinicaJly much facilitated 

The general course of the operation is unaltered, except that after 
raising the anterior skm-flap, cTefimiting that portion of the fasciaf 
circle which forms its base, and raising the edge of deep fascia round 
the delimited portion of the circle, the remov al of the pectorals and the 
cleanng of the axilla is next undertaken When the breast falb 
outwards the dissection is continued on the inner wall of the a-xilla, 
deep to the deep fascia until the edge of the latissimus comes into 
view, and even further, cleanng the surface of that muscle until it is 
considered that the periphery of the fascial circle has been reached A 
folded towel is then pladld upon the stripped thorax, and the breast is 
replaced over the towel in its normal position The posterior skm-flap 
is now dissected up as far as the line to which the deep fascia has been 
undermined The breast is again allowed to fall outwards It is now 
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attached to the body onl> bj a sheet of isolated deep fascia and the 
operation is completed by the division of this «heet of fascia along the 
base of the postenor skin flap 

Alcohol injection of nerves — ^TTie operation is often- followed b) 
persistent neuralgia dowm the back of the upper arm m the distnbution 
of the intercosto humeral ner\e I find that this sequela can be 
prevented if, when the intercosto humeral nerve and the lateral 
cutaneous branch of the third intercostal nerve are exposed in the 
stopping of the inner wall of the axilla, these nerv es — before they are 
divided — are injected with a few minims of absolute alcohol The 
procedure onlj^ takes a few seconds and is well worth doing 

Constitutional effects of the operation,— The operation b> 
scalpel for mammary cancer inevitably produces some degree of 
immediate shock I have never, however, seen dangerous shock 
during the operation For its prevention it is, I believe, important to 
keep the skm-fiaps, and the thorax generally, covered with hot towels 
so far as the operators convenience will dlow The persistence of 
shock for some days appears to depend almost entirely on chill during 
the operation and upon tension in the skin flaps and the pam associated 
therewith At any rate, I have noticed, paradoxical as it may appear, 
that the shock of the operation just described passes off much more 
quickly than the shock which follows the less extensive operations 
descnl^d in the earlier textbooks, in vv hich tension suture» are necessary 
for the approximation of the skin*edges Recovery is rapid, and pam 
usually ceases w ithin tw enty four hours 

After-treatiuent. — If hsmo>tasis has been carefullv attended to, 
the many -tailed bandage may be applied quite loosely A tight chest 
bandage is uncomfortable and even dangerous It is also harmful to 
the nutrition of the flaps 

The arm is not included in the chest bandage, but is placed in a 
separate sling, which is then attached by a safety-pin to the chest- 
bandage beneath Discomfort is thus avoided while the necessary 
restnction of movement is secured One injection of morphia or 
^ gram of heroin mav be necessarv on the mght of the operation 
Feeble subjects may be given a mixture containing small doses of 
digitalis and brandy for a few days If there is any history of or 
tendency towards bronchitis, the patient should be placed in a semi- 
sitting posture from the evening of the day of operation A daily 
injection of transpulimn for three days helps to prevent lung com- 
plications The dressing is changed, and the dramage-tube removed 
or shortened after twenty-four hours The drainage tube should 
never be retained beyond forty eight hours .The patient usually gets 
up on the fifth day , or as soon afterwards as she experiences a d^ire 
to do so Rough nursing or voluntary movements of the arm before 
the woimd is healed are apt to be followed by the collection of serum 
beneath the flaps, or by gaping of the edges of the wound A serous 
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collection is also likelj to form beneath the flaps in the epigastnc 
region if the bandages are 'illoA\ed to become too loose Stitches 
should not be removed too earlj and when the> are taken out if there 
seems any nsk of gaping a senes of collodion stnps should be placed 
across the wound Gentle nursing and minimal mo\ement arc 
essential to the smooth convalescence of these cases The patient is 
usually able to lea\e the hospital or nursing home in fourteen to 
twenty onedays After the end of the third week sy stematic measures 
must be taken to mobilize the scar upon the chest JIassage m the 
ordmary sense should be avoided Passive and active movements of 
the shoulder joint and rocking the skin upon the ribs will do all that 
IS necessary for the recovery of full movement 
I invariably recommend a short course of deep X ray treatment as 
a prophylactic against recurrence after the operation It is I think 
doubtful whether an extended course is advisable but after an interval 
of from three to six months the course may be repeated 
Difficulties of the operation — flamonJiagc may be trouble 
some especially in the young and full blooded and for this reason the 
operation should not be done in the immediate pre menstrual period 
It IS important to reduce all bleeding to a minimum in order to prev ent 
shock and collapse Ether as alreadv pointed out i& an unsuitable 
anesthetic Neither chlorofomi nor a chlorofonn ether mixture 
excites the circulation so much and these are to be preferred A 
preliminary morphia injection helps to quieten the circulation Res 
piratory obstruction cyanosis and congestion tend to increase bleeding 
and must be avoided and this is helped by the administration of oxy gen 
in a minimal stream throughout the anesthesia At least two dozen 
artery forceps should be at hand so that bleeding (not oozing ) points 
may be at once seized by the assistant As far as possible vessels 
should be clamped before they are divided This, applies especially to 
the vessels in the axilla and to the perforating intercostal arteries 
Adiposity while it increases the actual amount of cutting really 
facilitates the operation It renders easier the elevation of the flaps 
wathout risk of including in them the dangerous deep fascia and 
facilitates by providing, plenty of slack the subseaiicnt closure of 
the wound In such subjects a knife larger and stouter than ordinary 
the so called breast knife may be used watli adv antage 
The operation is troublesome in thin patients with little subcutaneous 
tissue and wath an ill developed thorax In these patients the flaps are 
necessarily thin ill nourished and apt unless great care be taken to 
contain patches of deep fascia There is no such reserve of skin as a 
fat person possesses, and skin grafting is more likely to be neccssarv 
The flaps unless extra care be taken arc more likely to be affected by 
chill during the operation 

Peripheral position of the tumour — ^The operation is easiest when the 
growth lies under the nipple and is especially troublesome when the 
growth Is. at the axillary margin 
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Adhesion of tnfiUraied glands to the tein —This difficultj must be 
dealt with boldlj hy exposing the vem above and below the adherent 
mass clamping it m both situations resecting the vem and the adherent 
mass and tj mg off the ends of the vem not forgetting to tighten the 
first hitch of the knot after the forceps have been taken off It is ver\ 
unsafe to ligature the vein first and then to resect it If this is done 
the hgatures are hkelj to slip 

Resection of the axillary vein is not followed bj anj senous 
consequences 

Emelopment of the axillary artery by groiith — If detected in time 
this should lead to the abandonment of the operation In one case in 
which I accidentallj wounded an axiUaij arterj , much displaced and 
surrounded b> growdh and m which both the artery and the vein were 
resected neither failure of nutrition nor paralysis followed Tlie 
arterj was much reduced m calibre bj the constnction of the growth 
and probablj a good collateral circulation w as already present In a 
second case I deliberately resected the artery and vein without anj 
impairment of the use of the arm 
Relraeixon of a divided perforaUng intercostal artery — I hav e alrcadj 
said that these arteries should be seen and clamped before they are 
divided If cut short or tom across the bleeding vessel mav retract 
between the intercostal muscles The apphcation of forceps is tlien 
difficult or impossible and the arterj must be secured bj under 
runmng The ligature threaded in a small semiarcular needle is 
passed deeplj mto the intercostal space first on one side of the bleeding 
point and then on the other It is then tied rather tightlj I have 
never found it necessary to expose and tie^ the mfemal mammaij 
arterj 

Autlston of tributaries of the axillary tetn — In old people the veins 
are verj fnable and anj undue pulling during the axillary dissection 
maj tear awav a tnbutarv of the axilJarj \ ein leaving a h61e m the 
mam \ ein The bleeding point should be seized and tied in the usual 
waj even though considerable narrowing results Itisrarelj necessaij 
to ligature the axillary vein above and below 
Adhesion of glands to nenes — Anj nerve m the axilla to which a 
gland is firmly adherent should be resected with the gland and the 
e! possible satared together Firm to the hrachial 

plexus or its mam branches mvoK es the abandonment of the operation 
and IS only seen when there i> diffuse infection of the axilla 

Pneumothorax — It is verj easj m patients with atrophied intercostal 
muscles to puncture the pleura with the point of an artery forceps while 
seizmg a divided perforating intercostal arterj The accident need not 
occasion much anxiety If the puncture cannot be closed by a stitch 
the assistant should press a swab over it until the end of the operation 
when the flaps are brought together over it On one occasion I punc 
tured the pleura while introducing a radium tube into an intercostal 
space A considerable amount of air entered and this patient suffered 
from distressed breathing and some amount of shock for several dajs 
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Difficulty tn clostug the wound — Formerly surgeons expenenced great 
difficulty in closing the wound after the operation for breast cancer 
Deep tension sutures were inserted and the flaps forcibly approximated 
In consequence, the patients suffered great pain and shock, persisting 
for days after the operation The difficulty arose from the restneted 
scope of the operation then practised Undermining of the flaps u as 
not understood and the adjoining skin was therefore not mobilized 
A similar difficulty anses when \ery large areas of skin are ablated 
and thus in Halsted s operation no attempt is made to bnng the flaps 
together, and the operation is terminated by immediate skin grafting 
of the raw area 

I have shown that it is sufficient to remove a moderate amount of 
skin, and that extensive undermining of the flaps is a necessary step 
to the complete remo% al of the disease Recognition of these two facts 
has removed the surgeon s difficulties m dosing the wound 
Skin-grafting. — Skin graftmg should be done by Thiersch s method 
and at the time of operation The grafts then almost mvarnbly 
" take ' well They are to be obtained from the front of the patient s 
thigh Graftmg is usually necessary m carcinoma of the male breast 
In sarcoma of the breast also owing to cxtensiv e skin adhesion and 
the amount of skin that has to be removed it is generally unavoidable 
To ensure satisfactory healing after skm grafting it is necessary 
that the flaps should be mduced to adlicre to the deeper tissues all 
round the grafted area in spite of the slide produced by the 
respiratory movements It is further necessary that the axillary 
cavity should be completely closed and shut off from the thoracic 
wound The first object is promoted by snicking the edge of the flap 
all round by radiating cuts \ m long at intervals of i in , a step which 
also increases the length of the coast-line from whidi epithelium may 
spread over the grafted area if any of the grafts fail The edges of the 
flaps are then sewn dowui to the intercostal muscles at intervals bj 
interrupted sutures (Halsted) before the grafts arc applied The 
closure of the axilla is secured, at the point where that cavity is 
coterminous with the grafted area, by a stitch taking up first the edge 
of one flap, then the exposed surface of the intercostal muscles then 
the edge of the other flap Tins stitch is essential to the proper 
closure and rapid fieafmg of a grafted wound ff the axrffa cannaf be 
closed, skin grafts must be applied to the whole of its viult, and 
Halsted recommended this as a routine method In skin grafted cases 
It IS especially important to observe a nile which applies to all radical 
operations, namely, that dunng the first few days nuruing manipulation 
should be reduced to a minimum that tuo nurses must assist when the 
patient is moved, and that the patient should be rolled not sat up m 
bed The grafted area should not be dressed until the fifth di> The 
grafts should be subsequently exposed to the air, covered only by a 
w ire-gauze cage ov er which a single laj er of gauze is thrown If crusts 
begin to form on the grafted area penods of hot fomentation should 
alternate with penods of exposure 
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The Diathermy Operation’ for Breast Cancer 

General considerations. (S« also p 577)— The mass of tissue 
heated bj the passage through the body of a surgical diathermy current 
may be considered as a cone or pj'ramid with its base formed bj the 
neutral or plate electrode and its apex at the point with which the 
needle electrode is for the moment m contact The temperature 
attained by any given section of the cone dunng the passage of the 
current is inversely proportional to the area of that particular section 
As the needle mo\es the boundaries of the cone dter, but near its 
base the change in outline is neghgible Here, throughout the opera- 
tion, a heating effect, slight but continuous, affects a large area of 
tissue If ivithin this area there is a quiescent bactenal focus, such as 
an old phlebitis, it may be roused into actinty, and m one case m my 
expenence a fatal staphylococcic septicsemia resulted Not only 
therefore must the position of the neutral electrode be carefully chosen 
to avoid such areas, but the total amount of current put tlirough the 
body must not be too large, that is to say, the operation must not be 
too prolonged The neutral electrode is best placed behind the lorn 
The intensity of the current must not be higher than is necessary to 
secure a cuttmg effect The flaps when cut should not feel hot through 
the operator s glo\ es, and there should be no NTsible chamng on the cut 
surface Speaal care should be taken not to pass an undue amount of 
current through the base of the flap, or the whole flap may slough 

It would appear that diathermized tissues possess a rather lowered 
resistance to infection and m a small proportion of cases, after an 
apyrexial convalescence, about the tenth day the temperature rises, 
the skin edges become red, and pus may form beneath the edges of the 
flaps, and e\en extend beneath them, as the result of infection by the 
skin organisms at the suture line Spraying the suture line with 
staphylococcus antmrus will usually arrest the process in an early 
stage This habihty of the skin flaps to late infection by their own 
bacterial flora is a senous objection to the diathermy operation 
Pre operati\e injection of one or two doses of mixed staphylococcus 
vaccine would appear to be a wise precaution 

The general rule, after a properly performed diathermy operation 
IS apvrexial con\ alescence and primary union, and this rule is almost 
mvanable in pn\ ate practice, but in hospital a small proportion of the 
cases have their convalescence delayed by' this late auto-infection of 
the skin flaps It is of great importance that in the first few days 
after the operation nothing should be allowed to disturb the incipient 
adhesion between the deep surface of the skin-flaps and the deeper 
tissues upon which they he Skilful and gentle nursing is an absolute 
essential, and the earher dressings should be done by the operator 
himself Movements of the patient m bed should be reduced to the 
necessary minimum and should be carefully carried out by two nurs.es 
so as not to produce a *' slide” of the flaps upon the deeper tissue 
The patient herself must be told to keep quiet m bed and must not be 
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allowed to use the arm \Vhen the dressings are changed they must 
be carefully peeled back so that the underlying skin-flap to m hich they 
often adhere is not lifted up with them For the same reason the 
patient must be dressed without allowing her to sit up The dressings 
on the front of the thorax are firet changed, and the old dressing is 
pushed back between the arm and the thorax , then the arm is slowl> 
mo\ed across the front of the chest while the patient’s tfunk is rotated 
about twenty degrees towards the sound side The dressings in the 
axilla and at the back can then be easily changed 

It may be here re-emphasized that the education of a surgeon in the 
technique of surgical diathermy is necessarily a gradual process, that 
familianty with the method should be acquired by its use for smaller 
operations before it is adopted for such an extensive operation as that 
for carcinoma of the breast Given, however, the necessary technical 
knowledge and familiarity with the method and a really efiicient 
machine, diathermic excision has the advantage of minimizing shock 
because it maintains the body-temperature greatly lessens luemorrhage 
and probably divides nerves without seriously stimulating them 
Nevertheless, after a lengthened trial of diathermy, I prefer, as a rule, 
the scalpel operation 

Technique of the operation. — The first steps of the operation 
are the same as in the scalpel operation A circle of skin four or five 
inches m diameter with the primary growth at its centre, is marked 
out by a scalpel scratch for removal Tlic flaps arc marked out by 
two incisions, enclosing this circle which extend from the epigastnc 
angle to the insertion of the pectoralis major The flaps are now 
undermined for about an incli all round, still VMth the scalpel in the 
mid plane of the subcutaneous fat fhe knife is now exchanged for 
the diathermy needle, and with it the elevation of the anterior skm-flap 
IS completed so that the anterior half of the circle of the deeper sub- 
cutaneous fat, ten to twelve inches m diameter, and with the primarj' 
growth at its centre, is marked out for removal The exposure of the 
posterior half of this same circle is deferred until the last moments of 
the operation, in order that the nutrition and warmth of the posterior 
flap may be safeguarded to the utmost Tim, I think, is an important 
a/ my farmer cperatum 

All round the exposed semicircle of the subcutaneous fit the needle 
now IS earned down to the level of the deep fasen, and, the flap being 
carefully retracted, the edge of the deep fascia is raised exactly as if 
the scalpel were being used WTiile the axillarj dissection is being 
performed, the needle is laid aside and the dissection is done with 
gauze and dissecting forceps in the manner already described Tlie 
operation is then continued with the diathermy needle on exactlj the* 
same lines as if a knife w ere being used Tlie final step of the operation 
—the raising of the already undermined postenor flap — is done with 
the scalpel to avoid passing an undesirable amount of current tlirough 
the base of the flap 
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Proph)lactic use of radium tubes or needles dunng the operation — 
For the past seventeen jears 1 have made it a routine practice 
to introduce radium tubes at the end of the oj^ration m tliose 
situations bejond the range of the operation where eapcnencx lias 
show n that recurrence is most likelj to take place More than lialf the 
recurrences seen after the modem operation at anj rate in mv eaeptn 
ence onginate in the Ijanphatic glands connected with the 

breast namely in the antenor mediastinal and the stipraclavacular 
glands The enlargement of a gland overling the subclavian arterv 
at the low er and inner angle of the po tenor tningle or the apptarance 
of nodules at the inner end of the first <5econd or third co-^tal inter 
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spaces on tlie same «ide a> 
the onginal grow th is the 
first overt sign of an m 
fcction of these glands 
which must have been 
present micro^copicalK at 
the time of the onginal 
operation 

Some operators have 
advocated the routine rc 
moval of the «uprach\i 
cular glands as a part of 
the onginal operation but 
movt «urgeons will agree 
that this cxttnsion of the 
ojKnition IS an undue 
ta'c upon the patient s 
strength 

It IS cjuilc feasible aUo 
to remove the gland 
beanng ti‘y:ue m the an 
tenor mediastinum (Fig 
J37) and I liavcdonethis 
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tected in tlie tissue remov ed and both the<c patients di«l w ithin a t evr 
of mtemal recurrence It therefore appears that ob\ lous infect on of 
these glands connotes wide dissemination cl'^^where For this reavoa 
and as an undesirable prolongation of an opcntioa alrca h severe 
enough I would deprecate the routine clearing of the arfrno' 


mediastmum 

There ‘wms on the other liand no valid argument again 
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routine employment of buried radium-tubes introduced in close 
proximity to these dangerous glands as a part of the radical operation 
Their emplojTnent does not appreciably prolong the operation, and I 
can state Mith confidence that it does not add to its risk 
Details of the method — Radium tub^ mth a pointed end should 
be used Stout silk or fishing gut is attached to the tubes, emerging 
either through the mam Ime of suture or through separate punctures 
made in the flaps If the pull on the threads dunng removal is at all 
oblique, the tube tends to become oblique to its track of introduction 
and therefore to become wedged Tins is particularly the case if the 
eyehole m the cap of the tube is bored some little way from the end of 
the tube The eyehole should be bored as close as possible to the end 
Five tubes of radium each of 2 mg are used One of them should 
he above the first nb just superficial to the first part of the subclavnan 
artery This tube may either be introduced through a separate 
puncture over the supraclavicular triangle or it may be pushed up 
mto place through the axillary w ound just internal to and rather above 
the axillary vem, along the line of the trunk lymphatic vessels 
The remaining four tubes lie respectively at the inner end of the first, 
second, third and fourth intercostal spaces They are jjushed boldly 
into the intercostal muscles until their pointed ends impinge on the 
border of the sternum or just pass behind its edge The tubes should 
have a platinum wall 0 G mm tliick to exclude soft u and p rays 
from the tissues They should be left m place for five days If the 
overlying skin flap is unusually thm or badly nourished, this penod 
should be reduced If the case is a late one, tw o extra tubes should be 
used m the supraclavicular triangle, and one at the inner end of the 
fifth intercostal space If axillary infection is advanced three longer 
tubes, each of 3 mg should be pheed ujKm the inner w all of the axilla, 
suitably spaced m the supcrficnl fibres of the serratus magnus 
Tins procedure has raised the percentage of my cases free from 
recurrence at the end of three years from 47 to 50 In one case a serious 
pneumothorax accompanied by shock, occurred from the puncture 
of the pleura by a radium tube but m no other case has their u:>e 
introduced any element of anxiety In thm patients a patch of super- 
ficial radio-dermatitis, perhaps the size of a shilling, may occur over 
each of the tubes, appeanng as an erythema of some weeks' duration, 
which subsides, leaving a pigmented patch 

Plastic methods of operation on breast cancer. — ^Tlie object of the 
suigeon in operating upon breast cancer is the complete removal of 
all those tissues which are likely to harbour extensions of the disease 
and of those tissues only Tins object is so difTicult of attainment 
that, if subsidiary’ aims are admitted to competition with it. failure 
m the mam objective is a likely result For this reason all phstic 
methods v\hich divert attention from the ablation of the growth to the 
repair of the wound arc radically' unsound and dangerous Tansint 
practises a very free ablation of the grow th w ith w hat appears to be an 



632 


OPERATIONS ON THE BREAST 


unnecessarily extensive removal of the surrounding skin but vnthout 
undermining the skin flaps He then fashions a flap in the scapular 
region The antenor edge of the flap is formed b\ the postenor edge 
of the area of skin remov ed vv ith the grow th Its postenor edge is near 
the inner border of the scapula its p^ide is above and its long axis is 
directed dovvnvv ards tow at^s the low er angle of the scapula This flap 
IS rotated fonv ards beneath the arm until it cov ers the denuded area 
in the front of the chest and is there fixed by sutures The gap o\ er 
the scapula is closed by the approximation of its antenor and postenor 
edges v.\th sutures leawtvg a. linear v.ourvd 

In this method an unnecessary amount of skin is sacnficed while on 
the other hand the extent of deep fascia remov ed is restneted in the 
postenor axillary region bj the necessity of conserv ing the blood supply 
of the scapular flap In the base of this flap it is very probable that a 
segment of the grovnng edge of the disease wnll be left intact to cause 
recurrence 


Danger of inelasbc rncfhods of operation — All methods which 
presenbe a fixed mode of attack without regard to the situation of the 
growth m the breast are essentially irrational A carcinoma of the 
outer edge of the breast requires different treatment from one of 
the inner edge The v anous faults apparent in different methods of 
operation mainly spnng from a failure to base the operation upon a 
true and coherent conception of the mode of spread of the disease 
The facts of dissemmation are now w ell know n and there is no excuse 
for failure to take them mto account 


Common faults ui operations for breast cancer — ^These mav thus 
be summarized — 

(rt) The pursuit of rumor aims which distract attention from the 
one great object of eradicating the grow th 

(b) Failure to base the operation ngidly upon the known facts of 

dissemination In detail this is ^een as — 

(c) Removal of an unnecessanly large area of skm 

(d) Remov al of an inadequate area of deep fascia 

(e) Failure to centre the operation upon the primary gro\<rth 

owang to the adoption of some ngid method which does 
not adapt itself to the vary mg situations of the grow th in 
the breast 

(/) Failure to reach the apex of the axilla and to remove the 
subclavucular glands there situated 
Other faults now rarely seen m Bntish surgery are — 

(g) Obvnously inadequate operations eg resection limited to tlie 
removal of the portion of breast contaming the grow th 
(/i) Failure to remove the pectoral muscles 


Difflcnlhes m the after treatment —5/iort must be treatr^ ™ 
general pnncipfc U 5 uan> it is onli seen after ercessiie WcMrag 
and especian> ivhen ether has been used as the anesthetic a the 
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hjemostasis has been careful and complete, saline and stimulants can 
be given immediately after the operation -udthout fear of exciting 
further bleeding. Severe and persistent shock was formerly common 
after the operation, owing to pain arising from the extreme tension 
of the sutures co-apting the flaps. Tension of the flaps must be avoided , 
if necessary, by skin-grafting. A third cause of shock is chill from 
neglect to cherish the flaps wth hot towels during operation. 

Collection of scrnm under the fiafs is the commonest minor complica- 
tio:^. It is often due to rough nursing or restlessness. It appcare to 
result from the section of the IjTnph- vessels, especially in the axillar>' 
region, which is inevitable during the operation. The flaps are 
separated from the chest-wall by a fluctuating water-cushion of serum. 
The difficulty must be met by daily insinuating a director at some 
point along the line of sutures and squeezing out the fluid. It is not 
advisable to re-introduce a drainage-tube, for fear of sepsis. If serum 
continues to collect after the incision has healed, a few da\s' hot 
fomentation will often cause the flaps to adhere to the chest-wall and 
will stop the lymphorrhoea. or the flaps may be fixed down by strips 
of strapping across the chest Purgation vith mist, alba may help. 
The arm should be kept in a sling until the lymphorrhcea has ceased. 

Lymphorrhcea does not imply a bad ultimate prognosis. One of the 
most persistent cases I have met with remained free from recurrence 
seventeen years after the operation, when she died of an intercurrent 
disease. 

Sloughing of the flaps is rare, except from unnecessary chill during 
operation, from undue tension, or from scoring of the flaps near their 
bases. The slough should be cut away with scissors, and the exposed 
area skin-grafted as soon as the flaps are adherent to the intercostals. 

Ulceration of the edges of the flaps is a common but not a serious 
trouble. Should it occur, the skin-edges should bo sprayed twice daily 
with staphj’lococcus antivims, the stitches should be retained longer 
than usual, and fomentations applied to clean up the wound. 

Oxygen for the flaps — In certain cases, especially if the patient is 
very thin or the growth excentnc in the breast, ana;mic areas may be 
seen at the end of the operation towards'the edge of one of the flaps. 
In such cases it is my custom to place beneath the dressing the end of 
a small rubber catheter with its orifice in contact with the anaimic area. 
Through this catheter, during, say, the first week, a continuous current 
of o.xygen is played upon the skin surface. Tlie o.\}-gcn passes through 
a Wolffs bottle in which there is some water, and should be regulated 
to about 20 to SO bubbles per minute. 

Retraction of the flaps owing to yielding of the stitches, to their 
premature removal, to rough nursing or to restlessness, may dela^- 
convalescence very considerably. It is more likely if a heayj- opposite 
breast is allowed to drag on the wound. Tliis may be prevented by 
tilting the patient over to the side of Uic operation, or by applying on 
the outer side of the opposite breast a broad strip of strapping, which 
is carried over the wound and attached to a weight of 2 or 8 lb. hanging 
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over the side of the bed The sutures must not be removed too earK , 
and if not causing imtation the) should be left for nearl> a fortnight 
Suppuration of the tcound is a rare and serious complication It is 
rarelj fatal, but ma) lead to enip)eina It must be treated v igoroush 
b> re introducing large drainage tubes at all dependent pomts and by 
frequent irrigations vnth 1-m 1,000 flavine Carrel s method mav be 
used with advantage 

S) ncope — In one case, unique in my expenence, the patient died of 
sudden heart failure within a few hours of the completion of the 
operation 

Infections during coniaiescence — In a general hospital w ard, infection 
from other cases can never be entirely excluded I have seen fatal 
influenza and broncho pneumonia, and tw o senous cases of ery sipelas, 
both beginning in the second week of a normal conv alescence 

Limitation of freedom of moicmenl of the arm — Some surgeons, in 
order to maintain free abduction, keep the arm abducted nearly to a 
nght angle throughout convalescence, and the practice is no doubt 
successful in its object It is, however, unnecessarv, and there i» a 
senous objection to it in that it increases the tension on the skm 
flaps It must tend, therefore, to restrict their already precanous 
blood supply , and to favour sloughing and ulceration of tlieir edge& 

In mv own practice the arm is kept fixed to the side m a simg until 
after the stitches are removed, to ensure relaxation of the flaps and 
absence of mov ement between the apposed skin-edges "WTien the union 
IS firm at the end of a fortnight or three weeks, abduction is first 
allowed then encouraged, and then insisted upon systematically If 
necessary abduction exercises, such as “climbing" the hand up the 
wall are given If the skin is tacked dowm to the nbs, massage, not of 
the skin, but of the skm upon the nbs, will soon loosen the adhesion 
The hand is fixed upon the skin, whicb is then rocked in vanous 
directions upon the underly mg nbs If these simple precautions are 
taken there is no fear of limitation of mov ement 
As Kocher points out, leaving the pectoral la more likely to lead 
to limitation of movement than is total removal Any remaining 
portion of the muscle, if depnved of its nerve supplv, will become 
contracted and fibrotic 

If the arm is kept to the side for several months, owing to nervous 
dread of movement, abduction is bkely to be limited by the formation 
of a cicatncial bndle in the line of the scar, especially if the scar follows 
the antenor margm of the axilla Such a bndle may require subsequent 
excision 

Recubrexce 

It would be possible to maintam that modem methods of operating 
for breast cancer have almost abolished recurrence for, stnctly speak 
mg recurrence means a return of the disease in the field of operation 
and this ^ter the modem operation is a rare ev ent It is how ev er, 
customary to include under the term recurrence any clinical mam 
festation of the disease which appears after the operation as the result 
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of the development of inappreciable microscopic foci already present 
at the time of the operation m regions where the knife does not intrude 
Todd and Dawson* give an instructive table showing the sites of the 
first and second recurrences in 107 cases of breast cancer treated b> 
operation onlv and not subjected to radiation 


SlTP ' 

First i 

Rccurrence 1 
h.0 or Cases 

Second 

Recurrence 

No OF Cases 

Skin in or near scar 

31 

2 

Deeper tissues of chest wall and axilla 

2» 1 

3 

Supraclavicular lymph nodes ' 


1 6 

Peritoneum 

3 

1 

Liver 

8 

6 

Lung 1 

C 

22 

Other breast i 

1 2 

4 

Other axilla 


3 

Brain 

1 

1 

Spine 

8 

10 

Pelvis 

0 

5 

Femur 

2 

C 

Other bones 

0 

4 

Total 

107 

72 


As the authors remark the large number of skin recurrences could 
probably have been reduced almost to vanishing point by adequate 
post operative radiation Since avillary recurrence after efficient 
operation is a ranty it is probable that most of the recurrences 51 
in number under the second and third groups of the table were 
traceable to infected internal mammary glands In my opinion this 
danger can be dealt with much more efficiently b\ radium tubes 
implanted at the time than by post operative radiation 

1 have amved at the following classification of recurrences after 
operations for breast cancer — 

1 Rapid recurrences, within a year or so of operation The site 
of these is vanable and undefined Tliey are sometimes local but are 
often internal In these cases the disease is reallv inoperable vshen 
first seen and os a rule further operation is not possible except in 
cases vihere enlarged supraclavacular glands show themselves within a 
few months of the operation without any other manifestation of the 
disease 

2 Late recurrences taking place generally more thin two years 
after operation A large majonty of such cases fall into four sub- 
divisions — 

(fl) Intercostal recurrence (c) Spinal and bone re 

currences 

(6) Supraclavicular recurrence (rf) Pleural recurrences 

• “Cancer “ IW7 EdinVurjli. 
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It IS m dealing wth late recurrences that the outlook has htcl\ 
become much more hopeful The pre\ention of intercostal recurrence 
hasalread} been considered It is not amenable to operation but^\e 
possess resources which in certain cases ma> keep it in check for j cars 
As to supraclavicular recurrence I am certain that in the past such 
cases have been looked upon from an undulj pessimistic standpoint A 
carefull> planned operation for clearing the posterior tnangle is the 
nght treatment and in a proportion of cases ma) give durable success 

Intercostal recurrence — In a regrettable proportion of cases two to 
three 5 ears after the pnmar} operation a nodule or nodules not at 
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first adherent to the skin appears at the inner end of one or more of 
the first second and third intercostal spaces Later these nodules 
become adherent to the skin The sternum is also liable to attack 
bv them and a large sternal svvelluig ma^ then arise Nodules mtv 
later present at the inner ends of the lower spaces down as far as the 


sixth (Fig 338 ) 

Operativ e treatment and surface radiation are useless in dealing with 
this form of recurrence but it is not quite so hopeless as it appears 
Hoisted records a success b> treatment vwth the actual cauterj I 
have a case still well twentj years after the recurrence which w-as 
treated bv secondarv N. rajs In this, method X radiation is preceded 
b> local injections of bismuth ^^^^en uradiated the bismuth particles. 

b^ome a source of soft secondary X ravs within the tissues 

The precedmg methods, have been superseded by the use of bunen 
radium A 2 or 8 mg tube of radium is introduced for five to ten 
davs at the vnner end. of each of the afiected space, deep in the inter 
costal tissues and nell attaj from the skin Other "tat W 

introduced behind or in the substance of the sternum if that bone is 
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affected I latelj showed at the Ro>al Society of Medicine a patient 
free from any sign of disease twelve vears after treatment of a large 
sternal recurrence 

Supraclavicular recurrence — ^The first sign of supraclavicular re- 
currence IS the appearance of a large hard gland deep in the angle 
between the clavicle and the stemo mastoid muscle o\ erl\ mg the sub- 
clavian artery Later, other glandu appear in the triangle below the 
posterior bell\ of the omo hj old muscle 

If the glands are still mobile, operation should be undertaken E\ cn 
if the gland at the lower and inner angle is fixed, it is sometimes worth 
attempting to enucleate it, and if a tube of radium is then left for 
twenty-four hours m the bed from which it came, and if at the same 
time all the glands in the postenor tnangle are excised, a long penod 
of freedom from recurrence maj be secured It is, however, useless 
merely to excise the enlarged glands The adjoining glands, though 
still normal m size, are microscopically infected Accordmgl\ it is 
necessarv , as Buthn first advised to excise all the glands m the postenor 
tnangle, including the deep cervical glands lying within the carotid 
sheath At the very least, the gland excision should be earned as high 
as the spinal accessory nerve 

Mode of operation — An incision is made along the postenor border 
of the stcrno-mastoid from the mastoid process to the 5temo*cla\ icular 
joint Here it turns sharply and follows the clavicle as far as the edge 
of the trapezius The tnangular flap thus defined is raised outwards 
as far as the margin of the trapezius, and is wrapped in a hot towel 
Included in the flap are the platy sma and a lav er of subcutaneous fat 
A length of the external jugular vein is included, so that this vein is 
divided twice, once in the upper part of the skin incision, and again 
where it penetrates the deep fascia just above the clavicle 

The posterior border of the stemo mastoid is now defined, and the 
spinal accessory nerve is exposed at its exit from the muscle and cleared 
in its course across the tnangle Unless this i^. done, the nerve, which !•> 
here embedded in very dense tissue, will certainly be cut during the 
operation 

The sterno-mastoid is now retracted inwards, exposing the antenor 
beify of the omo-fiyoid and ffie sfieaffi of deep fascia covenng the 
internal jugular vein The fascia is carefully' snicked so as to expose 
the vein, a director is then introduced through the opening in the 
f-iscia, fir5.t in an upward and then in a downward -direction, and the 
layer of fascia is div’idcd cleanh, along with the omo-hyoid muscle, 
from the mastoid to the clavicle The clean performance of this step 
IS the key to the whole operation 

The jugular glands arc now sw ept outwards by gauze dissection The 
deep fascia is div ided on a director just above the clav icle, and tf ic low er 
and inner angle of the tnangle is opened up Here a large gland, often 
adherent, is found behind the inner end of the clavicle This jiart of 
the dissection is verv important WHien it is accomplished, the gland- 
bcarmg layer of fibro fatty tissue can be swept outwards by gauze 
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dissection ^Mtli occasional division of small artenes as far as the outer 
edge of the trapezius The fascia covering the brachial plexus is now 
exposed, but should not be opened The sheet of tissues is turned back 
into position, the edge of the trapezius is defined, and w ith scissors the 
freed tissues are divnded along the outer edge of tlie tnangle The 
omo-hj Old IS cut again near its ongin from the scapula and here free 
bleeding is encountered 

A 3 mg tube of radium is then placed uith its point deeply beliind the 
mner end of the clavicle, another upuards along the mam deep cervical 
chain, almost up to the base of the skull, one outside the lower exposed 
portion of the internal jugular vein, one behind and parallel with the 
clavicle, and one in the outer angle of the postenor tnangle The tubes 
are removed in five or six davs No tube should be placed m contact 
with the brachial plexus The threads emerge m suitable positions 
along the line of inci«ion For purposes of dramage, and for the 
withdrawal of the radium tube, a stab wound is made through the 
base of the flap near the edge of the trapezius The wound is then 
sutured with interrupted horsehair or bv clips 
Dangers of the operation — The operation just descnbed i» a delicate 
dissection requmng precise anatomical knowledge, and its dangers arc 
obvious A nsk special to the left side is that of w oundmg the thoracic 
duct a misfortune which has once happened to me If the accident 
IS detected the injured duct should be ligatured As a rule, the 
collection of serum under the flap, and copious soakage through the 
dressings, are the first indication Persistent firm bandaging, preforablv 
b> nibber bandages, continued for several weeks, will ultimatelj 
staunch the flow in most cases, and a fatal result appears to bo rare 
If cancer-cells have already passed outside the glands b} infiltration 
of tlie capsule, an event usuailj indicated bj fixation, operation is hkel\ 
to be followed rapidlj bj diffuse cancerous induration beneath the 
operation flap from implantation of cancer-cells upon the raw surface 
of the wound The condition of the patient is then much worse than 
before the operation This danger can be minimized b\ refusing to 
operate when the glands are fixed, bj burvmg a whole group of radium 
tubes in the wound at the time of the operation and b} postoperative 
X radiation The t»o latter prpcautioins rmv with advantage be used 
m all operations for cancerous glands 

Not infrequently a moderate lyTnphorrhrea follows the ojicration 
and produces after healuig of the wound, a liard lymphatic ii^enia of 
the tissues of the operation arearwhich may be mistaken for cancerous 
infiltration Time bnngs about softening of the indurated tissue 
Other forms of recurrence —AxiUary recurrence and recurrence m the 
subclavicular glands, are nearly alvvay-spreventable Shouldthev occur, 
they should be treated bv buned radium followed and supplemented 
by X radiation , 

CARCrSOMV OF THE MALE BREVST 
About 1 per cent of cases of carcinoma of the breast occur m males 
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In the male the disease de\elops under unfa\ curable conditions as 
regards the vascular supply of the part and the pnmarv groi\ th often 
remains small and apparently insignificant Frequently no notice is 
taken of the growth until it ulcerates that is to saj , male carcinoma 
reaches the surgeon at a later stage than carcinoma in the female 
It must not be forgotten that m the male the process of permeation 
has but a very short distance to travel before it reaches the fascial 
lymphatic plexus subjacent to the breast There is no warrant for the 
assumption that when it reaches this plexus permeation spreads in it 
more slowly than m the female Howe\ersmall the pnmarv growth it 
is necessary especially if there be ulceration to reckon with the 
probability of widespread permeation of the fascial plexus 

Many surgeons when operating for male carcinoma ignore these 
considerations and perform an operation they would admit to be 
hopelessly inadequate m a female 
The operation in the male should be conducted on the same lines as 
m the female The removal of a 4 in circle of skin and a 10 m circle 
of deep fascia IS demanded and the pectorals must be ablated Owing 
to the absence of fat the raising of the skin flap is a more diflicult and 
delicate operation than in the female and it is very important not to 
allow the thin flaps to become dulled It is usually impossible owing 
to the absence of slack to bring the flaps together and skin grafting 
can rarely be dispensed with 

S VRCOMA or THE Breast 

Sarcoma of the breast should be treated on the same lines as car 
cinoma and removal of the axillary glands should not be omitted 
Frequently owing to extensive skm adhesion wide removal of the skin 
IS necessary and skm grafting has to be performed 

Ultimate Resuits or Tur Operation top Breast Cancer 
Personal results — It has been my practice not to refuse operation for 
breast cancer m any case where a favourable result appeared at all possible 
and while my statistical results have doubtless suffered m consequence 
some individual patients who on ordinary standards were inoperable have 
reaped great benefit I may instance a schoolmistress who at the time of 
XV* WF/tTaV/siTi \vtiA aANxe, TiT/i w* XVa. 

axilla This patient followed her profession subsequently for five jxars 
ultimately dying of thoracic deposits Another patient a washerwoman 
showed a large secondary deposit in the opposite breast with hard glands 
m the opposite axilla She followed her iabonous work for two ycare 
subsequently and tlien developed signs of thoracic mvaision from which 
she died Other cases had already readied the stage of ulceration when 
operated upon 

Including alt the advanced cases in which operation was done more as a 
palliative than with the Iiope of cure 47 per cent of those of my patients 
who could be traced have remained free from rcaiirence for a period of 
tliric years or upwards Since I began to use radium at the time of the 
operation this figure has gone up to 5l» per cent 
XMien It IS remembered how few really early cases of breast cancer a 
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surgeon sees in this countrj the results nrc not entirelj iinsatisfactor\ 
I estimate that of the cases of breast cancer which I see 90 per cent already 
have enlarged axillarj glands Local recurrence in or beneath the operation 
flaps — formerly so common — is now rare and the bulk of the recurrences 
must be ascribed to carcmoma<ells wluch alreadj at the time of the first 
operation had passed into regions bc%ond the scope of the opcntion 

Results of other surgeons — Sir ^\at<on Chejmes results publudicd m 
1904 showed 50 to 55 per cent of operable cases free from recurrence Tt 
the end of three jears Halstcd in 1907 published a senes of 23"’ optrible 
cases in which 88 3 per cent had remimed well at the end of three jears 
18 cases which could not be traced were considered as dead of their di ease 
Since in m% expenence such patients may turn up m good health jears 
afterwards Halsteds statistics are probablj more faiourible than thej 
appear 

^^e are indebted to this surgeon for a careful comparative studj of the 
chances of cases with and without avillaij involvement Of the cases where 
the axilla had not been mvaded 80 per cent remained free from recurrence 
for three jears The corresponding figure for the cases vnfh axillaij 
m\ ol\ ement w as 2.2 4 per cent only These figures emphasiie the importance 
of educating the public to seeX earlier adv ice 

Judd and Sistrunk (MajoClmic) reported that of 510 traced case* optnled 
on in 1902-12 44 7 per cent remained well for three years and 29 S per 
cent for five years 

Deaver McFarland and Herman report 84 per cent well after three jears 
m a senes of 500 cases of which they were able to trace 150 while 25 per 
cent were well after five jears 

Carter Brame and Grant Massie (Guy $ Hosp Rep 1020 Kxvi 184) give 
the following statistics — 


Percent vccs or Three and Five Year Survivals 
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STATISTICS OF BREAST CANCER 


Cil 

The most interesting recent operative statistics are those of Gordon 
Tajlor based upon a personal experience of f03 cases at the Middlesex 
Hospital Only seven cases were untraced Pist-opcrative radio therapj 
was not used in Group I and Group II cases Radiation alone without 
operation was employed in 39 instances 8 in Group I 8 in Group II and 
28 m Group III In the last group three patients survnse 2 now dead 
lived 8 and 5 J years \mong 29 patients judged unfit for radical operation 
who were treated by local removal of the breast and subsequent radiation 
2 only survived m 1938 but the senes included survivals of 10 8J G and 6 
jears The results of Gordon Taylor s radial operations from 1908 to 1928 
■ — 603 m number excluding 7 untracecl ones — are shown m the following 
tabic and the senes includes a large number of ten year survivals 


Cases TREATED Raoical Operatic*. 1908 1928 voliowed up 
A iTER 10 TE\Rs (Gordon Taylor) 863 
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Cases treated bt Rvdicm Operation 1903 1935 and followed up 
AFTER TIIREF VFARS 551 
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Group I cases 
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II 

820 

150 1 
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Of 158 patients who survived radical mastectomj 10 jears or more 
8 survived 25 years C between 20 and 25 years 38 between 16 and 20 years 
and 111 attained a ten year survival • 


• C UonlmT»)U Bnt Jl/«l /norm l!»M IL IW 
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It IS unnecessary to pursue this subject further for ouing to difltrcnces 
in the material of different operators to wiation^ m their selection of cases 
and their method of operation and to the advent of postoperative radiation 
treatment no close compan^n between tlie different sets of figures can l>c 
established It is however interesting; to note as measuring the improv c 
ment in results to date that v Winiwarters statistics for 18G7 75 showed 
only 1 7 per cent of cases well for three years and that prior to Hal fed s 
1889 94 figures showing 45 per cent of 76 cases well for three years the 
best senes of cases could only claim 28 5 per cent of three-year siicce< es 
In 1889 m the collected German statistics it vvas found that only 17 2 p<.r 
cent of patients with breast cancer remained well for three years after the 
operation Gross writing in 1888 reported that in the United States only 
11 83 per cent of cases remamcdwell for threcycars or over 

Immediate mortaht) — Billroth in 1867-75 evpenenced a mortality rate 
of 23 1 per cent in his operations for breast cancer With the advent of 
Listensm the rate rapidly fell and betw cen 1889 and 1 89 1 Halsted s mortality 
m 76 cases was nil In 1907 Halsted recorded 232 cases with a mortiJity 
of 2 5 per cent Deaver (1898 1918) records 506 cases wath a mortalih of 
0 93 per cent 2 of his cases died of endocarditis and 1 each of urxmn 
pneumonia andsepsi® His estimate of 1 percent as the prestnt death ntc 
of the operation may be accepted as a fur one Judd m 1912 recorded a 
senes of 609 cases with 8 deatlis (pulmonary embolism sepsis diabetic coma) 

^^y expenence shows a definite difference between the danger of the 
operation in a public surgical ward and in a pnvate hospital or house In 
a ward where clean and septic cases arc nursed together the danger of 
mfection cannot be entirety eliminated In my hospital pnclice up to 
nine years ago 2 deatlis from cry*sipelas Iiavc ocoirred and 1 from epidemic 
influenza A fourth death took place from broncho pneumonia These 
deaths represent a mortality of less than 1 per cent 

In my pnvate practice only 2 deaths have occurred one from sudden 
syncope a few hours after an operation which appeared to have been well 
borne and one from stapbylococac scptic.Tmia after diathermy The 
neutral pad had been placed upon the thigh and had aroused an old septic 
phlebitis in that region 

Schwarzkopfs statistics for 1904 11 show a mortality for private rises 
of 8 8 per cent and for hospital cases of 5 5 per cent and provide con 
firmalion of the statement that the conditions of isolation obtaining m 
nursing homes and private houses increase the safety of the operation 


NON-MALIGNANT MAMMARY ArFECTlONS 

SlMPiC ReMOV;SL of THE BrEAST MaSTFCTOMI 
The operation for removal of tlie breast is usually referred to a> 
amputation of the breast "nieuseof the term amputation is however 
an encouragement to rough and inartistic surgery and should be 
abandonwl in connection with the breast The word mastectomy is 
more suitable 

Indications— Removal of the breast may be necessary for duct 
papilloma for chronic mastitis occumng towards middle age for 

tuberculosis or actinomvcosis for cases \ here after an alrvccss the 
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remains of the breast are riddled with discharging smu'^es and for 
severe degrees of simple hypertrophy It ma> also be required for 
large innocent tumours to which the breast itself forms a mere append 
age In tropical countnes elephantiasis of the breast may possiblj call 
for it (See also section on Plastic Surgery Vol II ) 

Incision — An elliptical incision is used removang a comparatively 
small ellipse of skin But if too small an ellipse is taken the dissection 
is more extensive and troublesome and the ultimate result less slightlj 



narrow ell pse of skin w der tn the c&m of a Toliun nous breast. The upper Lmb of the 
ell pse in any case passes just above the areola 
C n is («i tbe iihnV the bnC incuuxi A * maf be uvrl «b<Te an Mm p< uous Kar l« f<prcUU)> 

owing to bagging of the redundant skin The stouter the patient and 
the larger the breast the wider should the ellipse be made Some 
operators have preserved the nipple operating entirely below its level 
and cutting across the ducts where they enter it Tins procedure 
owing to inevitable fibrous contraction is of no cosmetic value and it 
certainly introducesanskofwound sepsis from bacteria contained in the 
ampullT: of the ducts This complication occurred in a case m wluch I 
tne^d the method 
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Cosmetic considerations are not out of i>hcc m the operations, 
however Flielou er the incision is placed, the less w ill it interfere ith 
evening decolletage, and the less obvious uill it be to the patient 'Its 
upper limb should therefore pass only just above the nipple, m hile its 
lower limb jiasses below the nipple at a distance of 2 to 4 in Such an 
incision includes the skin which is thinnest, most closely adherent to 
the breast, and most dilhcult to dissect up 
In ordinary cases the nipple may be taken as the midpoint of the 
long axis of the ellipse If, however, an inconspicuous scar be especiallj 
desired, the incision may be earned only just interna! to the nipple, an 1 
m compensation extended a little way into the vault of the axilh Tins 
incision. It must be rccogmyed, makes the dissection more troublesome 
m the region of the lower and inner quadrant, and is hkel> to leave a 
little redundant skm-fold in this situation (Fig 889 ) 

When the skin has been cut through vertically to its surface all round 
the ellipse, the knife held at an angle of 135® to the surface, and entering 
just at the deep aspect of the dermis is once more carried round the line 
of incision dividing the fibrous septa that pass into the subcutaneous 
fat from the deep aspect of the skin This allows the skm to retract, 
and facilitates the subsequent elevation of the skin flaps 

Elevation of the skin-flaps. — The next step js the elevation of the 
skm flaps Here it must be remembered that bre'ist tissue lies very 
closely underneath the skm The flaps must therefore be cut as thm 
as is consistent with the maintenance of their nutrition In thm 
subjects ^ m of subcutaneous fat should be left attached to tiic skm, 
m stout subjects as mucli as i m may be allowed Sconng the flap 
must be avoided, especially near its base 
Many operators perliaps the mijonty, onl> elevate the flaps as fir 
as the visible margin of the breast but they must be dissected back 
as far as the real limits of the breast It is important to remove not 
only the prominent part of the breast but also its thm outlying edge 
Stiles has shown that the breast is a much more extensive organ than it 
appears to be Hreast tissue extends, m a vertical axis through the 
nipple from the lower border of the second nb to the sixtli costa! 
cartilage at the angle where it begins to sweep upwards towards the 
sfemam 7^ iVcifrrimfiSj leant s httis h ithin tin. 

of the sternum opposite the fourth nb to the fifth nb opjiosite the mid- 
axillary line One oblique diameter extends from the upper border of 
the third costal cartilage a little outside the sternum, downwards .and 
outwards to the seventh nb a little in front of the mid axillary line , 
the other oblique diameter passes from the third nb a little beyond 
the anterior axillary fold downwards and inwards to the sixth costal 
cartilage midw.ay between its angle and its sternal end 
It will be found that very' many opcnations for amputation of the 
breast fail to take account of these facts Not infrequently, granular 
areas of mammary tissue are left at the periphery of the field of opera- 
tion Tlic removal of the breast is a larger operation than is usually 
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thought, and it demands careful dissection and a knowledge of anitoim . 
Since it IS often performed to awrt c incerous change, it is a serious 
fault to leave jienpheral breast lobules I have seen carcinoma 
dev’elop in a residual part of the breast after mastectomy for a non- 
malignant condition 

Method of raising the flaps, — ki thin breasts the flaps are best raised 
by ordinary careful dissection, care being taken to avoid sconng them 
In the submammary fold especial care needs to be taken not to button- 
hole the flaps In stout subjects the manoeuvre of subcutaneous 
transfixion, already described (p 623), shortens the operation con- 
siderably. and should certainly be used An artery of a size requinng 
immediate forcipressure is constantly found high up in the upper flap 
The flaps must be kept warm by rdays of hot towels, or their edges 
may later ulcerate 

When the flaps have been dissected up all round as far as the 
periphery of the breast the upper flap is drawn up by two retractors, 
held a little distance apart, and moved to suit the operator's conv emence 
as he circumsenbes the upper and inner hemisphere of the breast by an 
incision down to the muscle through the deep fascia The breast is now 
quicWy stripped from the pectoral muscle by long sweeps of the knife 
panlllel with the fibres of the muscle Several perforating branches of 
the intern'll mammarj' require ligature In order not to leave any of 
the deep lobules which lie close to the muscle, it is necessary to clean 
the muscle, taking the pectoral fascia with the breast \Vhen the 
serratus magnus is reached, gauze-stnpping may be usefully substituted 
for dissection by the knife Finally, the fascia along the base of the 
outer flap is cut upwards with the knife and the breast remains attached 
by Its a\illar> connections only As these are divided, the v essels they 
contain, especially the long thoracic artery, are secured A most 
careful search for bleeding points over the whole field now follows 
One or two branches of the intercostal artenes appearing through the 
serratus magnus usually need tying 

Drainage. — A drainage tube should emerge through a puncture in 
the base of the posterior skm flap It should be removed after 21 to 
48 hours 

Suture. — A continuous suture should not be used, since it tends to 
shorten and pucker the line of the wound and to make it thicker and 
more evident Interrupted double horsehair sutures are the best, as 
widely spaced as is consistent witli accurate coaptation of the skm- 
edges Michel chps niav be used but should be interspersed with a 
few sutures 

Mastectomy with presenation of the nipple. — The method practised 
by Stiles for this operation is an extension of the Gaillard Thomas 
method of plastic resection He recommends a semilunar incision along 
the subipammary groov e for an extent corresponding to the low cr and 
outer hemisphere of the breast Tlie incision reaches above as far as 
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thought, and it demands careful dissection and a know ledge of anatom\ . 
Since It IS often performed to a\airt cancerous change it is a serious 
fault to leave peripheral breast lobules I have seen carcinoma 
develop in a residual part of the breast after mastectomy for a non- 
mahgnant condition 

Method of raising the flaps.— In thin breasts the flaps are best raised 
by ordinary careful dissection, care being taken to avoid sconng them 
In the submammary fold especial care needs to be taken not to button 
hole the flaps In stout subjects, the manreuvre of subcutaneous 
transfixion, already described (p C‘23) shortens the operation con- 
siderably, and should certainly be used An artery of a size requiring 
immediate forcipressure is constantly found high up in the upper flap 
The flaps must be kept warm by relays of hot towels or their edges 
may later ulcerate 

When the flaps have been dissected up all round as far as the 
penphery' of the breast, the upper flap is drawm up by two retractors, 
held a little distance apart, and moved to suit the operator s con^ enience 
as he circumscnbes the upper and inner hemisphere of the breast by an 
incision down to the muscle through the deep fascia The breast is now 
quickly stnpped from the pectoral muscle by long sweeps of the knife 
parallel with the fibres of the muscle Several perforating branches of 
the internal mammaiy require ligature In order not to leave any of 
the deep lobules which he dose to the muscle, it is necessary to dean 
the muscle taking the pectoral fascia witli the breast \Vhen the 
seriatus magnus is reached, gauze stripping may be usefully substituted 
for dissection by the knife Finally, the fascia along the base of the 
outer flap is cut upwards with the knife and the breast remains attached 
by Its axillary connections only As these ore divided, the vessels they 
contain, especially the long thoracic artery-, are secured A most 
careful search for bleedmg-points over the whole field now follows 
One or two branches of the intercostal arteries appeanng through the 
serratus magnus usually need tying 

Drainage. — A drainage tube should cmei^e through a puncture m 
the base of the posterior skm-fiap It should be removed after 21 to 
48 hours 

Suture. — A continuous suture should not be used, since it tends to 
shorten and pucker the line of the wound and to make it thicker and 
more evident Interrupted double horsehair sutures are the best, as 
widely spaced as is consistent with accurate coaptation of the skin- 
edges Michel clips may be used, but should be interspersed with a 
few sutures 

Mastectomy with preservation of the nipple. — The method practised 
by Stiles for this operation is an extension of the Gaillard Thomas 
method of plastic resection He recommends a sennlumr incision along 
the submammary groov e for an extent corresponding to the lower and 
outer hemisphere of the breast The incision reaches above as far as 
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Cosmetic considerations are not out of place in the oj>erations 
how e\ er The- low er the incision is placed the less w lU it interfere w ith 
eaemng decolletage and the less obvious will it be to the patient Us 
upper limb should therefore piss on!> just above the nipple while its 
lower limb passes below the nipple at a distance of 2 to 4 m Sucli an 
incision includes the skm which is thinnest most closelj adherent to 
the breast and most difficult to dissect up 
In ordmar> cases the nipple ma> be taken as the midpoint of the 
long axis of the ellipse If however an inconspicuous scar be especially 
desired the incision may be earned only just internal to the nipple anl 
in compensation extended a little way into the vault of the axilla Tins 
incision it must be recognized makes the dissection more troublesome 
in the region of the lower and inner quadrant and is likely to leave a 
little redundant skin fold m this situation (Tig 889 ) 

WTien the skin has been cut through vertically to its surface all round 
the ellipse the knife held at an angle of 135® to the surface and entering 
just at the deep aspect of the dermis is once more earned round the line 
of incision dividing the fibrous septa that pass into the subcutaneous 
fat from the deep aspect of the skin This allows tlie skin to retract 
and facilitates the subsequent elevation of the skin flips 

Elevation of the skin flaps — The next step is the elevation of the 
skin flaps Here it must be remembered that breast tissue lies very 
closely underneath the skm The /laps must therefore be cut as thin 
as IS consistent with the maintenance of their nutrition In Uim 
subjects ^ in of subcutaneous fat should be left attached to the skin, 
in stout subjects as much as { m may be allowed Scoring the flap 
must be avoided especially near its base 

Many operators perhaps the majority only elevate the flaps as far 
as the visible margin of the breast but they must be dissected bick 
as far as the real limits of the breast It is important to remove not 
only the prominent part of the breast but also its thin outlying edge 
Stiles has shown that the breast is a much more extensive organ than it 
appears to be Breast tissue extends in a vertical axis through the 
nipple from the lower border of the second nb to the sixth costal 
cartilage at the angle where it begins to sweep upwards towards the 
sternum Hie honzonfaf diameter extends from a fiftfewit/iin the edge 
of the sternum opposite the fourth nb to the fifth nb opposite the mid 
axillary line One oblique diameter extends from the upper border of 
the third costal cartilage a little outside the sternum downwards and 
outwards to the seventh nb a hItJc in front of the mid axdJarv line 
the other oblique diameter passes from the third nb a little beyond 
the antenor axillary fold downwards and inwards to the sixth costal 

cartilage midway between Its angle and its sternal end 

It wall be found that very many operations for amputation of the 
breast fail to take account of these facts Not infrequently granular 
areas of mammarv tissue are left at the penphery of the field of opera 
tion The removal of the breast is a larger operation than is usually 
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thought, and it demands cartful dissection and a know ledge of aintonn . 
Since it IS often performed to avtrt cancerous cliange. it is a serious 
fault to leave peripheral breast lobules I Iiave seen carcinoma 
develop m a residual part of the breast after mastectomy for a non- 
mahgnant condition 

Method of raising the flaps.— Im thm breasts the flaps are best raised 
by ordinary careful dissection, care being taken to avoid sconng them 
In the submammary fold especial care needs to be taken not to button- 
hole the flaps In stout subjects, the manoeuvre of subcutaneous 
transfixion, already described (p 023). shortens the operation con- 
siderably, and should certainly be used An artery of a size requiring 
immediate forcipressure is constantly found high up in the upper flap 
The flaps must be kept warm by relays of hot ton els or their edges 
may later ulcerate 

When the flaps have been dissected up all round as far as the 
penphery of the breast, the upper flap is drawn up by two retractors, 
held a little distance apart, and moved to suit the operator s convenience 
as he circumscribes the upper and inner hemisphere of the breast by an 
incision down to the muscle through the deep fascia The breast is now 
quickly stnpped from the pectoral muscle by long sweeps of the knife 
pardUel with the fibres of the muscle Several perforating branches of 
the internal inammar>' require ligature In order not to leave any of 
the deep lobules whicii lie close to the muscle, it is necessary to clean 
the muscle, taking the pectoral fascia with the bre-ast \Vhen the 
serratus magnus is reached, gauzc-stnppmg may be usefully substituted 
for dissection by the knife Finally, the fascia along the base of the 
outer flap is cut upwards with the knife and the breast remains attached 
by Its axillary connections only As these are divided, the vessels they 
contain, especially the long thoracic artery, are secured A most 
careful search for bleedmg-pwints over the whole field now follows 
One or two branches of the intercostal arteries appeanng through the 
serratus magnus usually need tying 

Drainage. — A drainage tube should emerge through a puncture m 
the base of the postenor skm-flap It should be removed after 21 to 
18 hours 

Suture. — ^A continuous suture should not be used, since it tends to 
shorten and pucker the line of tlic wound and to make it thicker and 
more evident Interrupted double horsehair sutures arc the best, as 
widelj spaced as is consistent with accurate coaptation of the skin- 
edges Michel clips may be used, but should be interspersed with a 
few sutures 

Mastectomy with presenation of the nipple. — The method practised 
by Stiles for this operation is an extension of the Gaillard Thomas 
method of plastic resection He recommends a semilunar incision along 
the submammary’ groov e for an extent corresponding to the lower and 
outer hemisphere of the breast Tlie incision reaches above as far as 
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the anterior fold of the a\ilH In Higc and pendulous breasts it is 
advisable to remove a crescentic area of sKm 

A scmdunar skin flap, with its convexity formed by tlie skin incision, 
IS now raised from the lower and outer hemisphere of the breast The 
nipple IS raised up vnth the flap bj division of the ducts of the breast 
as they approach their termination ^ The margin of the outer hemi- 
sphere IS defined by dissection and this hemisphere is raised from the 
subjacent muscles The isolated outer hemisphere is pulled strongly 
towards the operator, who then proceeds to undermine the skin covenng 
the inner hemisphere The assistant meantime retracts the skin flap 
forcibly upwards Reaching the inner margin of the breast, the operator 
IS now able to raise the inner hemisphere from its deep connections 
and the breast comes away The assistant then everts the flap, and a 
careful search is made for bleeding-points The perforating branches 
of the internal mammary must be ligatured The flap is sutured back 
in position Drainage is advisable 

Personally I do not care for this operation Its cosmetic results 
are not as good as might be expected for the nipple, deprived of its 
support, hangs down as a flat tag, or may swell from lymphatic cedema 
The redundant skin, too, is apt to fall into unsightly wrinkles It is 
more difficult to secure hsmostasis m the recesses of the w ound, and the 
divided main ducts communicating with the interior of the wound ma} 
give nse to sepsis Possibl> this last nsk may be ov ercome by touching 
their ends with pure phenol On the whole, I consider that thcordinar> 
operation with removal of the nipple is preferable even from the 
cosmetic point of view 

Complications of mastectomy. — ^Thc complications are those arising 
from sepsis, which of course, is hardly ever encountered 

Ooztng may follow closure, especially m hot weather and m patients 
of active and irritable temperament For this reason the operation 
should not be performed dunng menstruation Tw o or three days' rest 
in bed is advisable before operation on an active and tired woman 
Senous reactionary oozing is more frequent than after the longer 
operation for malignant disease, no doubt because less blood is lost 
dunng the operation itself, so that the circulation recovers before the 
small vessels are firmly sealed Careful haimostasis and an ice-bag over 
the dressing in hot weather may prevent it Should it take place, and 
should the flaps be raised bj palpable bloodclots and be deepl} 
ecchymosed at the time of the first dressing there is only one thing 
to be done An anesthetic must be given the wound opened up, the 
clots washed awaiy with a fora We stream of saline, and the wound 
resutured after bleeding-points {often at this time absent) have been 
sought The wound will now heal almost as well and as rapidl) as 
if no bleeding had occurred If nothing is done and the clot is left 
to organize there will be ugly and possibly painful fibrosis and con 
traction, and the scar will be thick and unsightly The clot mi\ also 
become infected and suppurate 

Sloughnz of the shn edges may be due to scoring of the flaps, to 
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cutting them too thin, or to allo\\ing them to be chilled during the 
operation The flaps are necessarily thin, of low vitality, and likely 
to be attacked by bacteria from their cutaneous ducts An antiseptic 
dusting-powder (e g anstol or bismuth subgallate) applied after the 
operation may prevent this Should sUght sloughmg or ulceration of 
the edges occur — and this is the worst that need be feared — they should 
be sprayed wth staphylococcus antivirus and the stitches should be 
left m longer to prevent retraction of the flaps Any sloughs should be 
clipped away with scissors — not as a rule a pamfol procedure — and hot 
fomentations applied for a few days 
The patient, after mastectomy may be allowed to get up as soon 
as she feels inclined , this is generally about the fifth day Stitches 
may usually be removed in from five to seven days, and the wound 
then sealed with collodion The earlier the stitches are removed, the 
less conspicuous will be the scar 

Partial Removal of the Breast 
Resection of the breast is sometimes practised for anj non malignant 
condition involving a portion only of the breast — except in the case of 
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Fi? 340 — Gaillard Thomas’s operation for remora] of simple tumour of breast 
First stage 

Ttie tkin bicia»n (otbxn the subuLWiuury »ulcu«^ 

abscess or an easilj enucleable simple tumour A radial incision, over 
the portion to be removed, may be employed, and through such a simple 
incision it IS possible to remove a large portion of the breast 

In performing the resection, care must be taken not to interfere with 
the duct system of any portion of the breast which is not removed If 
this rule is violated, obstruction cysts or mastitic indurations may 
appear in the residual portion of the breast The part of the breast 
removed should be included between two deliberatel>-made radial 
incisions through the breast substance, and these incisions should meet 
near the nipple, so that acican v\edgeof the breast substance is remo\ ed 
Hiemostosis should be vcr\ carefuUj attended to, and it is best to 
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provide drainage for tvent^ four hours If the uedge removed is not 
too extensive thecavit\ leftmaj be obliterated bj the lateral approxi 
mation of its walU with bunt^ sutures passed through the breast 
substance 

As an operation resection of the breast is less satisfactory in practice 
than in theory The condition for -which it w-as performed may later 
appear in the remaining portion of the breast The operation itself 
may leave a local induration or an area of skin adhesion which may be 



Cxpoiurc of the tumo from brtuod. Its e*psu c is now to be loclsed, lod the tumour enuelosted 

a cause of continuing anxiety Therefore in women approaching 
middle age mastectomy is in moot cases preferable to resection 
Resection of the breast through a submammary incision — In order 
to avoid a scar upon the surface of the breast itself Gaillard Thomas 
of New York in 1882 suggested an incision round the lower hemisphere 
or the lower and outer quadrant following the submimman sulais 
When the upper edge of the incision is drawm up the breast is casfly 
with httle dissection turned over so that most of its deep surface is 
exposed (Figs 340 841 342 ) Simple tumours may then be 
enucleated by cutting dowTi upon tliem through the deep aspect of the 
breast or a portion of the breast may be resected After this has been 
done and bleeding stopped the breast is replaced in position and the 
incision sutured It is usuallv best t&drain 
The method of GaiHard Thomas is the method of choice for resection 
of a portion of the breast in young women if the avoidance of a visillc 
scar IS desired and if malignancy can be excluded with certaintv If 
a carcinoma is unexpectedly found the operator wall rue his choice of 
s method for it is impossible after such a dislocation of the breast to do 
f a satisfactorv radical operation 
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Healing after the Thomaii opuntion is usually rapid and the cosmetic 
result good This method is unsuitalile for operations on the upper and 
inner part of the breast 

Operations for Mammar\ Abscess 
These abscesses require incision and drainage In order to avoid 
injuring the ducts the incisions must radiate from the nipple or must 



Fie 343 — GiilUrd Thomas s oporat oft Third stage 

OM emlonol (he cavity ia ihchreut kU ( jr i)>ereiiioval«(tb(‘ tumour Tbebrutl tbrn nllowrd to tun 
back n(o place and tb« irtcx oa u «ui<iRd, *1 h pnviuon fo d 

be made along the circumference of the breast Multiple incisions are 
sometimes necessarj so placed that gravitj favours free drainage 
After the incision is made a finger is introduced into the cavitj and all 
loculi or septa arc broken donn so that ever} recess is opened out freel} 
into the mam cavitj If the ongmal incision proves not to be at the 
lowest point of the cavitj a counter incision must be made at that 
point and drainage tubes inserted If several independent abscesses 
are present each must be dealt with in the same wav 

After treatment — ^This consists in gradual shortening of the drainage 
tubes and dailj antiseptic irrigation The application of Bier s 
cupping glasses over the breast often quicUv arrests suppuration and 
replaces it bj a serous discharge 

Shcild’s operation — The abscess is opened in tlie usual waj, and 
a counter opening is made in the fold beneath the breast just at 
the margin of the organ The original incision is then sewn up and 
usually licalsbj pnmarv union Theobjtct is to avoid visible scarring 
of the breast Sheild further advased the maintenance of clastic 
pressure upon the cavat^ dunng healing bj the incorporation of a fiat 
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Turkej sponge in the dressing The ann is fixed to the «ide and kept 
in a sling to a\ oid delaj in healing due to action of the pectoral 
muscle This indeed is the rule in all operations on the breast 

Incision through the submammaiy sulcus — ^Desmorest has draum 
attention to the advantages for the evacuation of pus of a circum 
ferential incision following the line of the lower third or half of the 
circumference of the breast All collections of pus wherever situated 
can be evacuated through this incision and the subsequent scar is 
invisible After the incision is made the breast is turned up so as to 
expose its postenor aspect through which the abscess or abscesses arc 
opened In most cases of intramammary abscess Sheild s method 
secures the object aimed at namelj an inconspicuous scar in a simpler 
waj An incision m the submammarj fold is however the method 
of choice for retromammary abscess In evacuating this form of abscess 
search must be made for an intramammai^ prolongation of the abscess 
cavitj and if found such a loculus must be freelv opened up into the 
main cavitj Search must also be made for a communication with the 
thorax m case the abscess has originated m a canous nb or a localized 
empyema 

Enucleation of Fibro-ai>enovht\ 

The skm mcision may be (a) a radial incision directly over each of 
the tumours or (&) the GaiUani Thomas incision at the lower margin 
of the breast (p G45) The tumour is enucleated through an incision 
on the deep aspect of the breast 

Usually the former or direct method is preferable as being easier 
and simpler The only advantage of the Thomas method is that it 
leaves no scar on the surface of the breast It is a larger and sometimes 
not an easy operation 

Direct method — The tumour is grasped firmly by the fingers of the 
left hand and a vngorous cut radiating from the nipple is made over 
it The cut must freely div ide the capsule of the tumour exposing 
its substance This is the key to easy performance of the operation 
The capsule is usually feebly adherent to the tumour but firmly 
adherent to the surrounding breast substance The common mistake is 
to attempt the difficult task of enucleating the tumour in its capsule 
from the surrounding mammary tissue before dividing the capsule 

Mlien the capsule is divided a blunt wistniment is introduced uitbm 
it and swept round The finger sometimes proves the most effective 
enucleator 

The only common complication is the formation of a hicmatoma 
in the cav ity This is prev ented by (a) careful hjemostasis [b) obhtera 
tion of the cavity by one or more buned sutures approximating its 
sides (c) drainage for twenty four hours by a small tube {i) firm 
bandaging {e) fixation of the arm tiTthe side 

Should a ha:matoma form it will probably be best to open up the 
w ound w ash out the clot obliterate the cav ity and resuturt 
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Large, soft rap:dly-gro\\ing adenomata are often best treated by 
removal of the whole breast 

It must not be forgotten that certain carcinomata of low virulence 
may acquire a fairly complete capsule and may be enucleable without 
very much difficulty Accordingly, all tumours enucleated from the 
breast must be microscopically examined to exclude malignancy 

Surgery of Duct Papilloma and Precancer 
In duct papilloma of the breast as evidenced by persistent serous 
or samous discharge from one or more of the nipple onhces a simple 
mastectomy is usually the best treatment if the patient has reached 
the cancer age This rule however is not without exceptions If 
physical pride is an important factor it ma> be recalled that even in 
fully developed carcinoma treatment by buned radium tubes after 
the manner of Keynes is frequently successful Surface papillomata 
are well known to be often amenable to radium whj not those w ithm 
the ducts of the breast ’ 

Localization of the papillomata. — It is important as a preliminary, 
if possible to locate the papillomata The number of discharging 
onhees seen on the nipple is a guide to the number of lobes affected 
Lenthal Cheatle has demonstrated, by the method of giant sections, 
^that the disease affects the breast by lobes Tlie affected lobes arc 
often outlined as vaguely indurated *' mastitic " areas More precise 
indications can often be obtained bj local pressure with one finger 
upon successive areas of the circle of tissue immediately around the 
nipple, or further out at the margin of the areola When the diseased 
lobes are pressed upon fluid is seen to emerge from the nipple The 
actual papillomata themselves can rarely be felt 
Kadium treatment. — Through multiple punctures m the skin surface 
radium tubes each of 2 or 8 mg and distnbuted as uniformly as possible, 
are introduced behind or m the breast, in any case not immediately 
under the skin, for a period of five to seven days If the papillomata 
cannot be located, the whole breast must be treated, and it should 
receiN e about the same dose as w ould be gia en for a carcinoma though 
the axilla need not be treated Fifty or sixty milligrams of radium 
will be needed Tlie amount vanes with the \olume of the breast, 
and the method is hardly applicable to a very \ olummous mamma 
If the papillomata have been located, treatment may be confined to 
the affected lobe or lobes and a smaller amount of radium will suffice 
In my experience radium treatment w ill cure about tw o out of three 
cases of duct papilloma X-ray treatment is rarely anj' use 
Excision of the papillomata. — The most artistic method of treating 
papillomata is only possible when they can be felt In rare cases a tmy 
shotty swelling can be palpated near the mpple, indicating a papilloma 
of some size in one of the large ducts 
By a small incision 1-1 J in long radiating from the nipple o\er the 
swelling, the duct, usually dilated and sometimes dark from the blood 
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(i)T)i«brtul Kith th« pip UomA k aadthem) nltd tocncpondin; iebe (b) The rctncted ndial (Lui 
in«3iea Klch«xposur«ef (biducti before ninovaloti Irastbofdort loclixUng tbe papiilotiiA. 

Within It, may be exposed m the dense tissue m which it lies By 
careful dissection it is follow ed up until it begins to ramify in the breast 
It is verified that the shotty swelling previously felt lies within the^ 
duct Artery forceps are applied to the duct on either side of the* 
swelling which is then excised with the portion of duct m which it 
lies (Fig 848) Owing to the density of the fibrous tissue around 
the ducts, the operation is a troublesome and finicking one requiring 
good ejesight and miniature instruments 



Fig 344 B — earliest stage of duct carcinoma of the breast 
High power photr^aph of the pedicle B 

i A are Iwo proupsof «p Ibebal cells rOibedited m ocatn at fibnMS tiKu* lu the rnUof the dutl ThMe 
foclrepiescnl tbe begimuDgof maUgnaiit laAJtrallou. 
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Papillomata of this kind may be entirely innocent or upon section 
the substance of the papilloma may be found infiltrated by its own 
epithelium and the growth though it has not yet infiltrated the 
physiological tissues of the patient who produced it is nevertheless a 
potential carcinoma For such a papilloma the name precancer 



Fig 345 —The operation o( lobectomp for papilloma affecting 
one lobe onip but not accuratalp loealizable 
» nppe le ncldoo. a pipilom, c Inbcolfie 

brea metfemovil 

seems appropriate In still other cases incipient infiUntion of the 
patient s tissues may be found beneath the base of attachment of the 
papiUoma which is clearl> then an early carcinoma (Hg 841} 

The operation for a papilloma which cannot be accuratel} localised 
IS illustrated in Fig 845 




CHAPTER XIV 


OPERATIONS FOR ABDOMINAL 
INJURIES* 

By G GREY TURNER 
CONTUSIONS 

Contusions of the abdominal wall one their importance to the possi 
biUt} of some underlying injurj to the Mscera Any intra abdominal 
organ ma\ be ruptured without the association of superfipial injun 
and as all abdominal injunes gi\e nse to more or le»s shock it may 
be 1 ery difficult to make a diagnosis When there is a penetrating 
wound the abdomen must be opened and explored at the earliest 
possible moment If treatment is to be successful rupture of a hollow 
Mscus must be recognized early and the suigeon must not wait for 
signs of de\ doping pentonitis to help in the diagnosis 
Rupture of a solid mscus often gi\es signs of internal hasmorrhage 
and the organ may be identified b\ a corresponding injury to the nbs 
in the case of the li\cr and spleen Sometimes injury of the intestine 
IS associated with signs of internal hsmorrhage when the mesentery 
1 $ tom But if the diagnosis of rupture of a hollow %'iscus is to be 
made in tune for successful surgical intervention it cm be amved 
at only by continual obsenation at the bedside In all these cases 
there is shock and for perhaps two hours it may be impossible to 
decide whether the injury is severe or not But with appropriate 
treatment shock tends to pass of! if uncomplicated so that if after 
two hours the condition of the patient is not improving some deep- 
lying injury may well be suspected EMdence is obtained, from the 
facial appearance the respiration abdominal examination and the 
pulse rate The most important physical signs are ngidity local 
tenderness fluid m the flaiiks and above all free gas in the pentoneai 
caMty as shown bv the replacement of li\ er dullness by a tympanitic 
note X ray examination helps to determine the presence of smaller 
amounts of free gas Emphysema of the abdominal panetes at an 
early stage before organismaJ mvasion can play a part is pathogno- 
monic 

Indications for operation — If in spite of treatment shock does 
not pass off and the patient s condition does not improve an e\ 
ploratory laparotomy must be earned out without loss of time The 
prognosis in these cases depends on two factors — (1) the extent of 
the injury (2) the lapse of tune between injury and operation 
The mortahty in unoperated cases of injurv to the hollow viscera 
Is approximately 100 per cent Even li delay has occurred and 

* S«e also Ea anrtorar and lain mal Austomosu, p 991 
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pentonitis is cstabiisheii. the case need not be regarded as hopeless , 
although mortalit} is very much higher m late cases, success is 
occasionally attained even if the condition is desperate Lacerations 
and contusions •■of the solid viscera are also verj senous 

General considerations. — It is most important m all cases that the 
patient should be subjected to a careful general examination Too 
often an obvious and perhaps gross lesion determines the attitude of 
the surgeon, whereas a more complete examination would show, it 
may be, the hopeless nature of some other injury or at least its great 
importance Generally speaking, it is a mistake to operate during 
the period of profound shock winch so often follows these injuries 
If this cannot be overcome by ordinary routine measures— of course, 
including blood transfusion— then it is highly unlikely that any 
operative interference will be successful The same applies, but to a 
lesser degree, to the consequences of hemorrhage unless the patient 
shows some evidence of recuperative power it probably means that the 
loss which has already occurred is too severe to permit of recovery 

It IS most important that the manipulations of the surgeon should 
not be impeded in any way, and for this reason it is usually best to 
employ general anaesthesia, for which purpose gas ovvgen ether or 
even open ether is satisfactory 

The first principle which should guide the surgeon in the conduct 
of the operation is a thorough and adequate exposure For general 
purposes nothing is better than a midhne incision, but there should be 
no stmt to Its length In the first instance the incision ought certainly 
to extend the whole of the distance from the umbilicus to the pubes, 
and It may very often with advantage be enlarged upwards as far 
as the costal margin The surgeon should not hesitate either to make 
a second incision or to make a cross cut from the original incision if, 
by so doing, he can facilitate the manipulations which ma> be necessary 
as life-saving measures After opening the abdomen it is essential 
to determine the full extent of the injimes, for that will help the surgeon 
to decide what measures to employ For instance, an isolated lacera- 
tion of the intestine may suggest a resection w ith anastomosis as the 
ideal and safest method Should there be other associated lesions, 
such as multiple tears m the mesentery or injury to the spleen or kidney, 
it may be necessary to take t)»e risk of simply sutunng the bowel tear 
rather than excising the damaged segment It is not necessary to 
display either heroic or brilliant operative procedures unless they will 
more safely tide the patient over a great emergency The surgeon 
must also remember the w ondcrful reparativ e pow er of the peritoneum, 
csjiecially in adolescents Wien there has been bleeding into the 
peritoneal cavity it is wise to remove the larger clots but it is not 
necessary' to attempt to clear out all the blood In perforative lesions, 
where infection has already started, an effort should be made to 
aspirate or mop up free blood m order not to leave ponds that might 
form abscesses later 

The real difficulties in wounds and bruises of the intestine are met 
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when the injunes are multiple In these circumstances it ma> be easy 
to remove the whole of the damaged bowel, but the su^eon must 
never forget that massive resection mvolving more than one-third 
of the intestine is hkely to mterfere permanently with nutrition 
further, it maj be that the surgeon must stav his hand because of the 
very senous condition of the patient It is remarkable how damaged 
and bruised intestine will reco\er if the areas in%ol\cd are simply 
tucked m and o\ erstitched Sometimes a damaged piece of intestine 



Pig 246 The pcece of bowel in a shows multiple sin«U tears and ts much bruised. The 

tears are sutured and as a further protection, the bowel 1$ then folded on itself and 
tacked together as shown m b 

may be sutured against an undamaged coil, the latter acting as an 
admirable graft (Fig 846 ) This may be done e^ en when the 
mucous membrane cannot be >eiy secureh sutured 
Technique. — As the patient is usually m a condition of shock, 
unnecessary dela\ or exposure must be axoided All preparations 
must be completed before the patient is brought to the operating- 
theatre, which should be at a temperature of 70® T The trunk and 
hmbs are warmly clad, a subcutaneous or intraienous gluco>e saline 
is administered and if there is restlessness, omnopon or morphia ^d 
atropine is given hypodermicalli An apparatus should be readi for 
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the administration of continuous glucose saline solution during the 
operation A preliminary \\hole blood or plasma transfusion may be 
of great value 

^^^len shock is severe the skin preparation should be deferred 
until the patient is anaesthetized Many different methods are prob 
ably equally efficient, but I have complete confidence in 1 in 20 
carbolic acid in watery solution Even in the presence of gross dirt 
this lotion IS used with soap for prehminarj cleansing and shaving 
Afterwards the surface is again washed with clean 1-m 20 carbolic 
and a piece of Imt soaked m the solution is laid over the operation 
site while the towels, etc , are being arranged Care must be taken 
that the patient does not he m a pool of the lotion, as blistering is 
then very likely If a differential diagnosis has been made the incision 
should be so placed as to give the best exposure Othenvise the 
abdomen is opened m the middle line from the umbilicus to the pubes 
When the peritoneal cavity is opened, free gas or blood may escape 
It IS necessary to have a definite plan of action, so that no time may be 
wasted and nothing overlooked this is determined by \\ hat is found 
on opening the abdomen If blood only escapes— and this is most 
often the case— examine in this order the omentum especially at 
the greater curvature of the stomach, by direct \ision , the liv er, the 
spleen, and the kidneys, by palpation If no injury is found, the 
mesentery is examined, beginning at the ileo CiTcal region and going 
upwards If still no injury is disclosed, the blood is mopped out of the 
abdominal cavity and a further detailed search made— bladder, 
stomach duodenum, pancreas 

The small intestine is more often injured than the large, and both 
more often than the stomach If free gas escapes, therefore, the 
surgeon picks up the small intestine at the ileo-ciecal junction and 
rapidly examines it from below upwards, the assistant returning the 
gut after inspection, so that only a small loop is exposed at a time 
If no injury is found the large intestine is examined from the cacum, 
and when the transverse colon is reached the stomach and duodenum 
are examined, and then the rest of the large gut If there is fa?cal 
extravasation, the intestinal injury is generally quicklj discovered 
It is curious how often the injured segment of intestine is found in the 
neighbourhood of the incision 

INJURIES OF THE LIVER 

If the diagnosis is made before operation, it will be possible to 
select the incision so as to obtain a w ide exposure If the subumbiheal 
exploratory incision has already been made it will be necessary to 
extend it above the umbilicus and perhaps add division of the upper 
nght rectus abdominis muscle The oblique incision of Kocher, as usc<l 
for the surgery of the biliarj' tract (p 79f>), also provndes adequate 
exposure The late Mr Carson was m favour of a transverse incision 
through the nght rectus abdommis at a level of 2 m alxive the 
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urabUicus . It gi\es an excellent exposure of the xipper or lower surface 
of the right lobe, or of the gall-bladder and biliary ducts, and can 
if necessarj', be extended across the middle line It is easily closed 
and subsequent straming by xomiting or coughing does not tend to 
draw the edges apart as m \ertical incisions A loin support, as 
used m gallbladder operations, and the reversed Trendelenburg 
position are both useful adjuncts 
Treatment of liver inj'uries. — The indication for operation is 
htcmorrhage If when the liver is exposed, the hxmorrhi^e has 




Fig 347 — Suture of liver with a buried catgut strand to support the sutures of 
apposition 

On tb« hfl tideof the wouod tbe btnW ^tniuJ lusbera passed with a lazee half-cwed needlo on the 
right the strand hj* been introduced to three sectioeisnn a tudv-curved nr^e. Da the eat surface h 
ahoera the method oi turrounding an open hepabc von with a puise^tnng 

ceased the injury unless extensive, should be left alone If there is 
a wide laceration, with or without active bleeding the raw surfaces 
should be approximated by catgut sutures deepl> placed so as to 
coapt the surfaces as far as possible Some difficulty may be e\ 
penenced as the hv er is friable and the stitches are apt to cut through 
This IS best met by using thick catgut which is pass^ beyond strands 
of catgut buned m the liver on either side of the tear (Dg 347) 

If the hv er is much contused, and sutures w ill not hold the tears 
or lacerations which bleed must be packed with gauze the free end 
bemg brought through the abdominal wall and left for several dll’s, 
as early removal w ill very likely re start the hemorrhage 

Injuries to the gall bladder and bile trad are uncommon It is 
better treatment to remove a ruptured gall bladder than to suture it, 
because there is certain to be some bruising of indefinite extent and 
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leakage may occur after sutunng Injury to the common bile duel 
requires sutunng and drainage by a tube passed down to the site 
For further details of operations for li\er mjuries sec p 755 and 
for injunes of the ducts p 832 

INJURIES OF THE SPLEEN 
Injuries of the spleen produce severe hxmorrhage and as the organ 
IS well protected it is generaUy damaged m crushes with fracture of 
the nbs and perhaps injurj to other viscera 
If a diagnosis is made, the incision should be planned as for splen 
ectomy {see p 870) As a rule the safest course is to remove a 
ruptured spleen owing to the difficulty of controlling hsmorrhage 
by suture m an organ which is very friable and is made still more so 
by the injury 

INJURIES OF THE PANCREAS 
Tlie pancreas is rarely damaged alone though instances are recorded 
of injury by crushes gunshot wounds and stabs In the majority of 
cases other organs especially the stomach are injured at the same 
time and the pancreatic mjury is often not diagnosed before operation 
The operation consists m opening the abdomen m the median or para 
median supra umbihcal line exposing the pancreas and suturing the 
tear The gland is reached by tearing an opening through the gastro 
colic omentum and turning up the stomach which may also be gentl> 
retracted upwards Unless the splenic artery his been divided there 
IS not usually great haimorrhage A stab or a bullet wound may be 
closed by a purse string suture but a more considerable tear must 
be approximated by a series of interrupted sutures The divided 
surface must be drawn together by interrupted sutures When tlie 
injury has almost completely tom across the gland it will probably be 
best to remove the sequestrated caudal portion In all cases the lesser 
sac must be drained and if the pancreas is much lacerated or contused 
the dram usually a rubber tube should be brought from the MCinity 
of the injury Gauze packing should be avoided whene\er possible 
as its removal is so likely to produce pancreatic fistula As Jordan 
Lloyd pointed out contusions and minor lacerations are frequently 
follow ed by inflammatory effusion w Inch is localized to the lesser sac 
as the result of occlusion of the foramen of Winslow This is one of the 
forms of pseudo cyst of the pancreas For cure of tins condition 
drainage is essential 

INJURIES OF HOLLOW VISCERA 
The stomach owing to the thickness of its walls and its com 
paratively sheltered position is less often injured than the intestines 
and m both small and large bOT\eI the portions most liable to injury 
are those which are least mobile— i e in the small intestine the upper 
part of the jejunum and the lower part of tlie ileum in tlic large 
intestine the c«ecum and ascending colon The splenic flexure 



C60 OPERATIONS FOR ABDOMINAL INJURIES 

ho^\e\e^ \\hich is the least mobile part of the large intestine is uell 
protected under the nbs and is rarely injured In all cases the liabiJitj 
to rupture is greater if the viscus is distended with gaseous or fluid 
contents at the tune of the injurj 

It follows that most of these ruptures are of a bursting character 
from withm outwards and they are not mfrequentlj multiple In 
the stomach the common site is the lesser curv ature in the intestine 
the antimesentenc border In other cases the mesenterj is injured 
and there is liabilitj to hemorrhage to necrosis of the bowel owing 
to the cutting off of the blood supply or to perforate e pentonitis 
if the mesentenc tear extends into the mesenteric border of the gut 
Treatment — ^The choice of method depends upon two factors — 
{!) the extent of the injury (2) the condition of the edges of the rupture 
In the stomach gross injuries rarelj come to operation as they 
are so frequently associated with laceration of the hver or spleen 
and death occurs almost at once — as for instance in a buffer accident— 
or the patients ne\er recover sufficiently from the primary shock to 
hold out the least prospect of success from mterv ention Haemorrhage 
into the pentoneum and the escape of gas on handling the stomach 
suggest the site and the wall of the viscus in the \ncmitj is seen to 
be much bruised It is always wise to open the lesser sac bj carefully 
tearing through the gastro-cohc omentum and if it contains blood or 
fluid of an} sort to make a careful «earch for an injury on the postenor 
wall In the smaller ruptures it is always possible to suture the rent 
The edges should not be pared unless there is much laceration The 
rent is closed b} catgut suture passed through all the coats and this 
suture Ime is buned b} a superimposed contmuous Czem} Lembert 
suture If the rupture is quite small it ma} be closed b} a purse- 
stnng As in the majontj of these ca<^ the stomach is not empt} 
at the time of rupture it is well to proMde a pelvic dram 

Isolated injuries to the duodenum are relate el} rare which is 
fortunate for the accident is xery serious and attended bv a high 
mortality Sometimes the second part is ruptured and the tearma} be 
extra peritoneal and be associated with extravasation with consequent 
cellulitis which rapidly spreads and is nearl} alwa}s fatal \er> 
rarely a localized abscess may follow and eventually lead to the fonna 
tion of an extrapentoneal duodenal fistula ^\'hen the tear is intra 
pentoneal the irritating contents of the duodenum are poured into 
the belly and a rapid peritonitis is the inevitable result Tears of 
the duodenum will probably be across the lumen and may be par 
ticularly difficult to repair because of extension into the retroperitoneal 
tissue The necessary suturing may so interfere with the lumen of 
the bow el that an accompanying gastro-enterostomy may be necessary 
Injuries that are entirely retropentoneal are difficult to diagnose 
for the symptoms are anomalous Pam in the nght upper quadrant 
with ngidity distension and vomitmg slowly develop After twelve 
hours or thereabouts the general condition is often out of keeping 
with the physical signs for the patient looks v ery ill and is obviously 
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toxic, ^vlth an ictenc tinge and higher temperature than is usual m 
abdominal cases Even on opening the abdomen the condition is not 
obvious The peritoneum may appear almost normal or may contain 
just a little clear fluid with a small amount of lymph near tl^e injured 
part There is retropentoneal haemorrhagic extravasation on the 
nght side, extending into and around the meso colon The cellular 
tissue IS cedematous and crepitant and there mav be ‘lome fat necrosis 

To expose this portion of the duodenum, the stomach and colon 
are lifted up as in the early stages of gastro-enterostomy An incision 
IS made through the posterior fold of the meso colon tou ards the nght 
and, by blunt dissection and gaure stripping the injured area is 
cleared Care must be taken not to injure the colic vessels It 
may be difficult to expose the tear for the purpose of repair but the 
laceration must be seen in its full extent before sutures are applied 
The inner wall should be approximated by sutures passed mattress 
fashion, to invert the edges into the lumen of the bowel A continuous 
suture IS then used for the inv'erted edge and to complete apposition 
along the whole tear In spite of the absence of peritoneum, additional 
sutures of the Lembert type should be passed on the outside If the 
extraperitoneal tissues are grossly infected drainage should be provided 
For this purpose an incision should be made in the nght flank dow n to 
the retroperitoneal space which is opened up tow ards the site of injury 
by blunt dissection with the finger a rubber tube or strand being 
placed in the track 

WTien the rupture is at the duodenojejunal junction the bowel 
may be tom so near its origin that it may be well nigh impossible to 
make an end to end repair The best course to pursue under the 
circumstances is a matter of grave difficulty Moynihan* boldly 
closed the proximal end of the duodenum and implanted the open 
end of the jejunum into the stomach so Uiat all the bile and pancreatic 
juice had to regurgitate into the stomach before it could reach the 
intestine The patient is said to have enjoyed perfect health until 
his death on the 104th day This was due to perforation caused by 
the Jlurphy button used to make the anastomosis But this method 
cannot always be relied on, and a very determined attempt should be 
made to restore the continuity of the bowel even at considerable risk 
It is usually possible to mobilize the proximal end from the retro 
peritoneal bed into which it retracts and to make an end-to-end 
anastomosis If that cannot be done, the upper end of the distal 
jejunum may be implanted into the stomach and an end-to-side 
anastomosis made betw een the div ided proximal end of the duodenum 
and the intestine leaving the stomach 

Intestinal injuries vary from a split m the serous or sero muscular 
coats to a complete rupture of continuity In partial ruptures, if 
the case is seen early', there is often surprisingly little extravasation 
because of the pouting of the nnicosi through the rent and the tem- 
porary cessation of peristal&is 

• Dr I ilfj Jannt 19) I I 1(34. 
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Injunes of the serous and sero-muscular coats must be repaired by 
sutunng wth fine chromic catgut or silk to prevent subsequent 
adhesions At the same time a verj e'cact examination must be 
made to exclude an injury to the mucosa for severe bruising may lead 
to necrosis 

If all the coats are perforated and the amount of damage is small 




the rent should be sutured transverse to the long axis so as to avoid 
constnction of the lumen (Fig 348 ) A contmuous suture is em 
ployed joimng all the coats and this is buned by a Lembert suture 
If the injury is more extensive and there is much laceration or 
contusion of the bowel wall it is usually much safer to carrj out a 
resection and anastomosis than to suture a large rent Particularly is 
this the case if the mesentery is injured and it ^ould be the rule that a 
generous rather than a minimal resection should be done It is bow 
ever true that suture has a mucli lower mortahtj than excision and 
should be chosen whenever it will suffice 
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A point of importance is the treatment of multiple ruptures. The 
condition arises, of course, more often in gunsliot wounds than in 
civil practice. The surgeon must decide whether multiple resections 
should be done, or a single resection to include all the injured areas, 
'or whether a combination of repair and resection is to be preferred. 
Time is necessarily a factor of real importance in dealing wth injuries 
of such severity. It -will take longer to do three or two resections 
than one, and unless the length of uninjured intestine which must be 
sacrificed is too ^eat, it is better to do a single resection to include 
all the damaged intestine. But this is not always possible, owing to 
the distance between the ruptures, and multiple resections may be 
undertaken with confidence if the surgeon is constantly doing intestinal 
suture operations. It is never good practice to sacrifice more intestine 
than is absolutely essential to ensure success Many enormous 



Pig- 349- — Laceration o{ mesenteiy. Bowel tom away. Resection necessary. 

resections have been carried out with recovery and little apparent 
interference with health, but the converse is also true. Probably siv 
feet is the limit beyond which it is unwise to venture. 

In these cases it is essential to have a very free exposure and to 
examine the site of the lesion carefully. Sometimes a piece of bowel 
is completely separated from its mesentery over an area of several 
inches (Fig. 849), and in sudi circumstances resection must be carried 
out. Very rarely a portion of the intestine may be tom loose from 
all its connections and may lie free in the peritoneal cavity and, 
unless discovered and removed, it remains a focus of serious infection 
likely to destroy the good result of any other measures that may have 
been adopted. Experience of war casualties has taught great respect 
for the recuperative power of the small bowel, and when lesions are 
multiple the surgeon need liavc no hesitation in adopting what, in 
civil life, might be looked upon as timid con5cr\*ative measures. It is 
much safer to tuck in many small rents and to overstitch doubtful 
areas than it is to engage in multiple resections or to sacrifice ten) 
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large an area of intestine (Fig 3o0) Occasional!} the bowel which 
has been patched in this way may look as if it would be a source of 
obstruction but as a matter of fact this rarely occurs as the channel 
IS always bigger than it appears and in any case a verj small lumen 
\vill suffice for the fluid contents of the small intestine WTien there 
IS real and anxioUs doubt the surgeon can add a small lateral 
anastomosis to his repair Ta\o small perforations ma} sometimes 
be convenient!} converted into one which can then be sutured m 



the transv erse axis (Fig 3al ) In fimshmg these cases time should 
not be wasted in closmg the abdominal wall m la}ers and even in 
muscular subjects through and through sutures of strong silkworm gut 
or of silk are all that is necessai} In the after treatment it is im 
portant not to be m a hurr} to get the bowels to move for bruised 
and damaged mtestme should not be urged to activity b} powerful 
purgativ es 

Great difficulty and much added danger arise in injuries of the gut 
nhich ha\€ not a complete penloneai covenng such as the greater 
part of the duodenum and some parts of the colon 
Retroperitoneal rupture in large intestine — ^This condition is usuall} 
associated with other mjunes such as laceration of the kidne} Even 
when it occurs alone the patient \er} rapidly shows signs of retro- 
pentoneal celluhtis It is important to remember that if an eas} 
route to the surface is provided suture of the bowel is not essential 
and it may be much wiser to make a faecal fistula at the wound b\ 
stitching the bow el margins to the skm Such a fistula often closes 
spontaneous!} or it ma} be assisted later b} temjxirar} colostom} 
or it may require direct interference Fven if a satisfactory suture can 

be made a drainage track to the surface should alwa}-s be provided as 
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leakag^e often occurs, and is sometimes not recogni2ed until the 
appearance of cellulitis or a localized abscess After drainage, a fecal 
fistula often occurs , this may close spontaneously or may require an 
extensive resection 




Fl? as* — Two jicrloratiens converted into one and 
prepared lor suture in transverse b)us 


RUPTURE or THE URINARY BLADDER 

Intrapcrifoncal. — Tliese ruptures occur from direct blows on the 
abdomen wlien the bladder is full The tetris usually situated on the 
postero superior surface Tlie accident usually happens tiuite apart 
from injuries to the pelvis, and indeed when the bladder is tom as 
the result of fracture of the pelvis, the rupture is generally extra- 
pcntoneal 

The diagnosis is readily made from the characteristic symptoms of 
shock, hypogastric pim and tenderness, frequent desire with inability 
to micturate, the evidences of increasing peritoneal irritation with 
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signs of fluid m the flanks and the withdrawal of on!j a small quantit\ 
of blood stained unne bj catheter 

Treatment — Laparotomj should be carried out as soon as possible 
A aertical incision is made m the midline below the umbilicus the 
peritoneal cavit> is opened and blood and unne are swabbed awa\ 
orremovedby the suction apparatus If the tear is not obvious it ma\ 
be found bj the fingers passed down behind the mscus Wlitn the 
rent is low down the patient should be put up in the Trendelenburg 
posture which greatly facilitates repair Two guide sutures arc 
inserted one on each side of the rent taking up the serous and muscular 
coats only and these are used to lift tlie bladder towards the incision 
These guides are a great aid to exposure and may render an otherwise 
difficult intervention comparatively easy The rent is closed by 
catgut sutures silk should not be used for it tends to work loose 
into the bladder cavaty where it may form the nucleus of a calculus 
If necessary aery frayed edges may be trimmed Two lavers of 
suture should be employ cd the first takes a good hold of the bladder 
wall but does not penetrate the mucous membrane the second 
should be a contmuous stitch on the pentoncal aspect Sometimes 
it IS very difficult to close a rent securely when it is situated low 
down on the posterior wall or there may be so much bruising anl 
hjemorrhagic infiltration that the closure is uncertain In such 
circumstances a rubber tube should be placed in the rectovesical 
pouch and brought out at the lower end of the alxlominal incision 
the patient being nursed in the semi Towlcr position for the first 
few days A catheter should be passed ftr urclhram for continuous 
drainage and should be left in stlu for a week Each morning and 
evening the lumen should be gently imgated to keep it fret from 
blood at first and later from mucus or phosphates 

Results — Here again the time limit is the most important factor 
If the operation is done m the first twelve hours the mortality should 
not be above 89 per cent but after that time there is a mortalitv 
of about 70 per cent 

Extrapcntoncal ruptures arc miicli more likely to be associated 
with fracture of the jiclvis In these cases there is considerable 
hemorrhage as well as extravasation ol unne into the pelvic cellulaT 
tissue and this gives nse to local swelling above the pubes and cither 
inguinal ligament A few hours after the injury sucli swellings are 
associated with marked blood discoloration But unless the lesion 
i» aUo intrapcntoncal there is no pentonitis though there mav be 
considerable meteonsm Sometimes it is difficult or impossible to 
guide a catheter into the bladder and in lliese circumstances the 
\ iscus has probably been tom from the back of the tnangulir ligament 
and the prostatic urethra completely cut across In the intrapenton^ 
vanety fluids can very readily be mjecterl for they pass tbrough the 
rent in the bladder into the ptntoneum w litre is in the other viriet) 
more urine may be drawn off but attempts to inject the Madder give 
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nse to great pam and increase the suprapubic swelling Tins injurj 
also demands prompt operation A mtdhne incision is made abo\e the 
pubes not deliberately opening the peritoneal cavitj The extra- 
vasation of blood and unne becomes apparent as soon as the muscles 
are separated It is then necessary to remove the clots after which 
the rent m the bladder may be seen or felt though it may be very 
difficult of access Should it be easily seen it can b« closed by suture 
but this IS not essential and free drainage to the surface is all that is 
really necessary, though suture may shorten convalescence ^^^len 
the bladder has been torn away from the triangular ligament it is 
essential that a catheter should be passed per ureihram and guided into 
tlie bladder by the surgeon’s fingers working from the abdominal 
incision By this means the prostate can be approximated to its 
normal position at the back of the triangular ligament and fixed there 
by one or two strong catgut sutures The catheter also ensures that 
the alignment of the urethra is accurate Even when it has been 
possible to suture a rent and to pass a catheter into the bladder, it is 
essential to leave an ample suprapubic dram in the cellular tissue 
If there is any possibility of an associated mtraperitoneal lesion this 
can be demonstrated by a finger passed into the bladder (tJirough an 
incision if no tear exists) and through the rent into the pentoneum 
In these circumstances the abdominil incision must be enlarged so 
that the peritoneal surface of the bladder can be inspected It may 
also be necessary to open tlie pentoneum if the question of some 
associated injury to other viscera arises In late cases infection may 
already have occurred, and in these circumstances it is only essential 
to remove clots and debris and to provide ample facilities for drainage 
Dunng convalescence the patient should be treated m the Towler 
position 

Results. — ^When free drainage is provided the prognosis m this 
type of injury is good so far as life is concerned WTien the prostatic 
urethra is severed a troublesome stneture or deviation may develop 
and there is a tendency to recurrent suprapubic fistula 

GUNSHOT WOUNDS OT THE ABDOMEN IN WARFARE 

The war of provided a wealth ol materia'i lor the in- 

vestigation of gunshot wounds of the abdomen, and much was vvntten 
on the subject Towards the latter part of tint conflict there was 
general agreement on the principles of treatment and in analysing 
1)65 cases. Sir Cuthbert Wallace* added to the work previously done 
by the late Sir George Makins Speaking generally, it was accepted 
that the expectant treatment vvhicli was the rule after the South 
African War had given place to operative measures and much of the 
success attending these interventions resulted from the earlj treatment 
in adv anced operation centres (CCS) and from tlic creation of 
abdominal hospitals In the mobile warfare of the present campaigns 

• l-»tUotnUn Letturn to ibe Mtdieal Society of leodon 1917 •nj I S»'t Apnl, 1917 Iv ffT* 



CCS OPERATIONS FOR ABDOMINAL INJURIES 

and among air raid \ irtims abdominal \\ onnds seem to l>e less fre«jueiit 
The mortaIit\ m the small number of cases recorded is admitted!) 
high because of the great difiicuU) of bringing the injured to operation 
centres withm a reasonable time WTien circumstances hare made it 
po«Nsib!e to can) out the pnnaples of treatment establishe<l m the war 
of l‘)14-18 the results ha\e been comparable Gordon Tatlor* found 
that the general mortalit) of abdcmmal cases siibmitterl to operation 
in the present war is 50 per cent ^^lth the evception of the large 
bowel therecovery rate was rather higher thanm 191 1 18 Hestatesf 
that blood tranfusions and chemotherapj proved of great value 

Lnder the sjstem which evolved between 1914 and 1918 most cases 
amved between six and ten hours after injury and statistics proved 
that w hile up to sue hours the dianccs w ere in the patient s fav our after 
that period they were alwa)s against him The limit of success 
thirty six hours in cases requiring resection of the small gut or s Jtun. of 
the stomach or colon Haimorrhage was the chief cause of earl) death 
and pentoneaf sepsis later Sideto-side and obhque wounds were 
more dangerous than antcro-postenor and wounds from the back more 
dangerous than wounds from the Jront A special danger Ia> mbuttock 
wounds penetratmg the abdomen and wounds of the descending were 
more dangerous than those of the ascending colon owing to the former 
being covered b) the jejunum which was often injured simuJtaneousU 

The order of frequenc) of wounds of the viscera was found to be 
(1) small gut (2) colon (8) liver (1) stomach (5) kidne) (f) spleen 
(7) bladder (8) pancreas 

Indications for operation —It is well to wait an hour or two after 
admission before operation is earned out The patient has time to 
recover from tlie joumej shock can be combated and a better idea 
obtained of the necessities of the case and the scoj>c of the operation 
required The pulse is the best guide a rapid pulse of 120 or over 
which does not fall is a direct indication for intervention ^e^} 
few patients w hose pulse-rate is ov er 120 recov er though the mort'Uit) 
has been much reduced b) prelimmarv blood transfusion I omttinfi 
is of less significance Rtgtdily is ver) constant but mav occur in 
thoracic injuries H<tmorrhagc though surmi'^etl often cannot be 
diagnosed with certainty unless in great amount and fain while 
constant vanes much in degree extreme pain w ith lioard like n^iditv 
nearly alwa)s means an intestinal wound If the abdominal vnll is 
penetrated a \ iscus is probabJv injured and exploration is imperative 
but admitted!) it is not altta)-s easv to be sure 1 mphvsema of the 
panetes at an eariv stage i e before pas forming organisms could be 
the cause is a sure sign of perforation of a hollow \ iscus F xpenence 

and the views held b) the surgeon must decide the question of operation 

It should be remembered that the bolder surgeon w ill get the wor=e 
operative mortalitv though he will have the satisfaction of saving a 
few desperate cases 

• EiaUJui* Urturr D </ « i /«»'■ «* IW t ><* 
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Operative treatment — Speed in operating i«5 important but it must 
not be at the expense of efficiency The surgeon must know jubt 
what to do and must be systematic in carry mg out his work Exposure 
IS all important, and generally speaking the primary incision should 
be in the middle line Wlien the injury is found to inxoUc the liver 
or the spleen a cross cut from the median incision dividing the rectus 
may greatly facilitate- exposure On opening the abdomen the first 
indication is to arrest h'emorrhage its ongin from the omentum or 
the mesentery may be obvious or welling up from either flank ma\ 
suggest the liver or the spleen as its source But wherever its origin 
it must be found and dealt with as a first step Similarly a perforative 
injury may at once declare itself, otherwise the intestine must be 
systematically searched Retro peritoneal injuries are easiK ov er 
looked but a haematoraa behind the peritoneum especially if crepitant 
means a perforation which may be of the duodenum or some part 
of the large bowel 

Stomach — Operation should be done in all cases through a median 
incision It is not necessary to excise the wounds In uncomplicated 
cases the mortality in Wallace s senes was 5 27 per cent m com 
plicated cases 77 8 per cent 

Small intestine — The abdomen is freely opened by a median m 
cision Blood is mopped out and haemorrhage controlled The small 
intestine is inspected from the ileo-cacal valve upwards the gut being 
returned to the abdomen as each fresh section is withdrawn If a 
small wound is found it is sutured at once provided the bowel for 
6 in on each side is healthy Tlie searcJi continues and similar 
small rents may be treated in the same way If a severe laceration 
of the intestine or mesentery is found, it should be wrapped m warm 
gauze until the exploration is finished 

The stomach is then examined, and lastly the colon It is the 
exception for extravasation to occur in injury of the small gut though 
common in large gut wounds under war conditions when the boweh. 
have so often to be neglected 1/ laceration either of the gut or of 
mesentery is considerable it may be necessary to resect but this 
increases mortality , and it is better to repair the injury by suture when 
ever possible, even if it causes narrowang of the gut • End to end or 
lateral anastomosis may be used and in Wallace’s cases lateral anasto 
mosis gave rather better results but end to-end anastomosis was 
perhaps more generally performed Pnmary short-circuiting was 
abandoned Drainage is unnecessary 

The mortality in Wallace s senes of uncomplicated cases was G5 0 
per cent m complicated cases 74 1 per cent Injury to the duo 
denum was more fatal than injury to the ileum, and this more fatal 
than injury to the jejunum 

• Oirm RIeh»nls I tiler wTlUA** (191*) Fr»Kt IW per cent, mortal ly » reiectlexi SO per 

cent in suture) \t alien and lxKkirno>l amre but F Oordoo BeO ol I'd sb< (b obulnrd a 40-per-renl. recovery 
rate Ui 30 reafclliwu OuoWel by Oottion Taylor BtA UM Ocl J2, I9JI 11. Wl 
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Large mtestme —A piramednn incision is the most suitable because 
of the probability that the small mtestme also is injured This is 
especially likely m \\ ounds of the descending colon Where a diagrvosi!» 
IS made of mjury to the hepatic or splenic flexures it is better to 
make a transverse incision as this allows easy access to the kidnej 
liver and spleen In the transverse colon the wound should be sutured 
if possible and if that cannot be done the tears may be converted into 
an artificial anus 

In the ascending and descending colon the position is complicated by 
the possibility that the wounds may be retroperitoneal If this occurs 
m the ascending colon the wound should be sutured and m addition 
shut off from the peritoneal cavity by suturing the anterior surface of 
the bowel to the abdominal wall drainage being arranged by an 
independent incision m the lorn In the descending colon the same 
treatment may be adopted or an artificial anus may be made More 
artificial am had to be made in wounds of the splenic flexure and 
descending colon than elsewhere A proximal colostomy was little 
used and cascostomy was not successful although Gordon Tavlor 
{loc at ) says it has proved of inestimable value in his hands m 
laTge*mtestme resections 

The mortality in uncomplicated cases was 58 7 per cent , if an 
artificial anus had to be made the mortality advanced to 73 5 per cent 
but of course this step was only resorted to in seiere cases The 
prognosis is much graver if the retroperitoneal space becomes infected 
(John Fraser s colon septicaemia ) 

Rectum — The rectum may be mjured by buttock wounds or wounds 
fracturmg the pelvis The great nsk is septic absorption Wallace was 
in fa\our of transverse colostomy if suture is impossible or if on account 
of friability the sutures are likely to tear out Of 21 cases only 7 
recovered 

Liver — If no other organ is mjured gunshot wounds of the hver 
are best left alone If hasmoirhage makes operative interference 
imperative the wound in the liver should be either sutured or packed 

Spleen — The spleen should be exposed by a subcostal or rectus 
w-cxswOT. tl haawntchaige has csased the orqp.n ma^ be left alone 
Gauze packing will sometimes suffice to stay hamorrhage from the 
outer surface Excision should be done only if the organ is much 
lacerated or its vessels injured The mortalitj m uncomplicated cases 
was 50 per cent in complicated cases 63 G per cent 

Kidney — ^An incision should be made m the lom and the wound 
sutured or packed and drained The organ should be excised onlj if the 
injury is very severe The mortality was 18 per cent 

Pancreas — This organ is seldom mjured alone the stomach is 
usually mvoK ed Severe wounds are rapidly fatal lesser injunes are 
usually comphcated by local inflammation and drainage is essential 
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Bladder — Gunshot injuries may be intrapentoneal extra pentoneal, 
or both, and m almost half the cases they are complicated by wounds of 
other viscera, generally small mtestme Intrapentoneal wounds are, as 
a rule, easily sutured and suprapubic drainage is unnecessary, but a 
catheter should be retained for tiventy-four hours The mortality in 
uncomplicated cases is 50 per cent , mostly from shock and hcemorrhage 
Wallace had no success in complicated cases 

GUNSHOT WOUNDS IN CIVIL LIFE 

These are usually caused by small arms or by shot-guns and often 
at short range In the circumstances there may be great damage to 
the panetes as well as to the abdominal contents Shot-gun pellets 
may be scattered m all directions and the wad may lodge in the 
abdomen The latter must be removed as it will almost certainly 
be associated avith infection and may cause peritonitis or keep up a 
sinus for years, but it is not necessary to trouble about the small shot 
as long as any visceral lesions are attended to All that has been said 
about abdominal injunes in general and gunshot wounds in warfare 
apply to those m civil life, but there is the advantage that, as a rule 
surgical aid is summoned much earlier and can be earned out in more 
suitable surroundings It is essential to work with ample incisions and 
to make a very thorough and complete investigation before the /irst 
discovered injury is dealt with Tlie lesions are frequently multiple and 
one overlooked may completely spoil the result of an otherwise brilliant 
piece of surgery 
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OPERATIONS ON THE STOMACH 

By SIR JAMES WALTON. K C.V.O 

Anatomical and physiological considerations. — At one time much 
stress was laid upon the shape and position of the stomach, detailed 
descriptions being given of the \anous dinsions of the organ and the 
relations of these divisions to surrounding viscera It is now realized, 
owing to the Mork of Hurst, Barclai and others, that all such divisions 
are largel) artificial and that the stomach is a tubular viscus formed of 
livmg and contracting muscle which continually alters its shape owing 
to the amount of its contents and the peristaltic action of its walls 
Its position IS also extremely variable even in health, its height within 
the abdomen being dependent upon the tone of its museSar walls 
The amount of this tone maj not 
onlj difier considerablj m two in 
dividuals both of whom are free from 
disease but it ma) alter from time 
to tune m the same individual 
(Fig 852 ) Generali) speaking, the 
tonic stomach shows a vertical or 
cardiac portion and a p) lone or 
horizontal portion The cardiac part 
lies to the left of the middle Ime m 
the epigastnum and in the left h)’po 
chondnum Its upper portion or 
fundus IS less contractile than the 
lower and even when the viscus is empt), is generall) shown b) 
X ravs to contain a little gas The lower part is more contractile 
and shows true peristaltic movements It is usuallj known as 
the tubular portion The cesophagus enters at the }unction of 
these two parts on the nght-hand side The pylonc portion is not 
onl) difierentiated by its honzonlal position, but there is a notch 
on the lesser curvature at the junction of the two parts, known 
as the mcisura angulans of His, from which a well defined band 
of circular muscle passes to the greater curvature, this muscle being 
known as the transverse band or middle sphincter It is peristaltic 
throughout and is somewhat artificiallv divided into a p)lonc antrum 
and a pylonc canal, the latter showing a greater dev elopment of arcular 
muscle and a corresponding increased power of peristalsis At its 
termination the circular muscle is considerably increased to form the 
pylonc sphincter, which ma) cause a projection into the lumen and la 
sharpl) differentiated from the relatively thin circular muscle coat of 
the duodenum Dunng an operation the stomach is atonic and the 
672 
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above difierentiations are not apparent, the whole organ having the 
curved and slightly distended appearance of the moderately dilated 
viscus. (Fig. 852, B.) 

In its greater part the stomach is covered by peritoneum. It may 
indeed be considered to lie between the two anterior layers of the great 
omentum which again fuse above the lesser curvature to form the 
lesser or gastro-hepatic omentum. Immediately' behind it, therefore, 
lies the lesser sac, separating it from the pancreas, mesocolon and 
duodenum. In adult life, however, the lesser sac is often in part 
obliterated, so that the mesocolon containing the middle colic artery 
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may be fused wth the anterior layers of the gastro-colic omentum or 
even with the posterior wall of the stomach. Just below the entrance 
of the cesophagus, the two layers of the lesser omentum separate so 
that a triangular area of the upper part of the lesser curvature is left 
uncovered by peritoneum. 

The vessels of the stomach consist in the main part of two vascular 
loops running along the lesser and greater cur\'atures. That on the 
lesser curv’e is formed by the coronary' artery arising from the cceliac 
axis, and the pyloric artery- arising from the hepatic, wliilc the loop 
on the greater curve is formed by the right gastro-epiploic pa.ssing from 
the gastro-duodenal artery-, and the left gastro-epiploic arising from the 
23 
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splenic The tuo arches 
so formed he about half 
an inch distant from the 
greater curvature and run 
closel) applied to the lesser 
curvature, and from them 
a large number of branches 
are given off at right angles 
to pass to both the an 
tenor and postenor sur- 
faces of tile stomach 
(Fig S58 ) It must be 
remembered that all these 
vessels anse behind the 
lesser sac and pass around its borders to reach the stomach hence 
when the coronarj artet3 has to be divided at its ongin as is 
necessary in the operation of gastrectomy for carcinoma of the 
stomach, the postenor lajer of the lesser sac has to be divided 
In addition to these loops, the vasa brevia pass to the fundus along 
the gastro splenic omentum from the splenic arterv 
The lymiphatics of the stomach arc of considerable importance in the 
treatment of carcinoma of the stomach There are three lymphatic 
fields (Fig 854) Carcinoma most frequently anses in the tno lower 
fields which must, therefore, be completely removed, but the area of 
the fundus will be free unless involved by direct spread The glands 
are chiefly placed along the curvatures In the greater curvature the 
path of IvTnphatic flow is from the fundus to the pylorus, and m the 
lesser curvature from the py lorus to the oesophagus In operations for 
carcinoma of the stomach all the gland> around the pylorus, and 
especially those on the head of the pancreas, those along the two 
curvatures and those around the coehac axis must be freely removed 
From the surgical point of view the most important physiological 
functions are the secretions of acid and of the anti aniemic factor of 
Castle Peptic ulceration is dependent upon the secretion of acid and 
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operations for its cure are designed to reduce the acidit} , eitlier directl) 
or indirectly On the otlicr hand, an extensive gastrectomy for 
carcinoma or ulceration, hy remoxing the greater part which secretes 
the anti anemic factor, may produce a severe pnmary' anajmia The 
acid-secrcting area probably x anes m different mdmduals, and in those 
in whom this area is more extensiv'e there is a greater tendency for 
ulceration and for the recurrence of ulceration after operation The 
distnbution of the acid-secreting cells has been studied by Jliy agaw a , 
it is larger than would be expected from the frequency wnth which 
complete achlorhydria follows partial gastrectomy (Fig 355, 6) 
The area of the cells secreting the anti amemic factor has been in\ esti- 
gated by 'Nleulengracht (Fig 855. rt ) It is interesting to note, how- 
ever, that even after extensive partial or even complete gastrectomies, 
primarv aniemia la rare On the other hand secondary anaimias, 
probably due to interference with gastric digestion, are not uncommon 

CONGENITAL PYLORIC STENOSIS 
Congenital pylonc stenosis is an interesting condition m which there 
IS gross hypertrophy of the circular muscle of tlie pylorus which is 
entirely concentric, the outer diameter of the py lone canal never being 
increased and indeed often decreased Within the greatly narrowed 
canal the mucosa is thrown into longitudinal folds which obstruct the 
lumen the stomach is dilated and its muscular wall much hyper- 
trophied in an attempt to ov'ercome the obstruction 
The lesion is much more common m males In my ow n senes of 84* 
cases, 0*1 were males It is generally seen in first cluldren Often, 
however, several members of the family may be affected and examples 
liave been reported occumng in both twins The change is> almost 
certainly a congenital hyTiertrophysforsymptoms usually appear within 
three weeks of birth, when the hypertrophy is already enormous, and 
cases hav e been reported where it was present at birth The stomachs 
of all these patients are identical m appearance the lesion has a 
familial incidence it does not disappear after relief of the obstruction 
by, for example the performance of postenor gistro-enterostomy , and 
it persists after death A certain amount of spasm may be supra-added, 

birth IS so short and, as far as is known, spasm of involuntary muscle 
never leads to hypertrophy, eg cardiospasm and Hirschsprung’s 
disease If congenital, it would be expected that minor examples 
would persist and be found at a later age and there is considerable 
evidence that such is the case {Sec acquired py lone stenosis (p 780) ) 
Symptoms and physical signs. — The infant usuallv appears normal 
at birth, but within a short penod begins to vomit liie vomiting 
increases m amount until most of the food is returned and tlie vomited 
material is forcibly ejected Tlie footl is often changed and a slight 
temporary relief may occur but tlie symptoms soon return The baby 
at first does not gam weight and soon rapidly loses The skin becomes 

* 0 « nj 10 war ditiurbaacrt lh■^ pmonal <|alhtic» hi Ihh arlirl- enl* inrludr rasn la Ibr nwl ol IftM 
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thin, \s’nnkled and inelastic, the eje^ are sunken and there are all the 
s^TOptoms of deh\ dration {Fjg 856) Constipation is verj endent 
On examination the child is WTinUed and shrunken, the upper abdomen 
IS distended the stomach can be felt dilated, and gastric pen:,talsis is 
Msible On careful palpation an elongated tumour can often be felt 
in the region of the pjlorus Some observers are of the opinion that 
this can be felt in every case and that a positne diagnosis, should not 



F»g 3S6 — Cong«fiital pyloctc st«noss before operation Age 4 weeks weght 
7 tbs Birth weight 6} tbs 

be made in its absence Tlus is probabl) correct, but with tlie presence 
of forcible vonuting and a dUated and pens>talting stomach it is evident 
that there is a mechanical obstruction and whether this be due to a 
pylonc stenosis or a duodenal obstruction becomes a matter of lesser 
importance as both conditions will probiblj require operatite 
interference 

Indications for operation — At one time medical treatment was 
almost wholly emplojed but was found to be followed bj a •very high 
mortality some 50 to 75 per cent of hospital cases failing to survive 
and even those that did hve often developed verj poorly Of Hte 
however better results are claimed by careful dietmg nnd the use of 
atropine and its derivatives and the latest drug Lumjdnn The 
chief indication for surgical interference is loss of weight or failure to 
gam weight Operation should wherever possible always be earned 
out before the patient is senouslj dehjdrated 
Choice of operation — ^At one time gastro-enterostomj divulsion and 
even pylorectomy were performed for the rehef of the condition but 
these operations so dangerous in infants have been entirel} replaced 
bv a form of pyloroplasty known as Rammstedt s operation which can 
be earned out m five or six minutes has a verj low mortality and gives 
most satisfactory results 
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Preparation for operation — Nearly all these patients have been under 
medical treatment before operation is instituted The> have been 
carefully dieted and probably stomach washes have been employed 
In any case it is wise to have the stomach washed out just before 
the patient is sent up to the theatre It is our custom at the London 
Hospital to carry out no other preparation Just before the operation 
the clothes are arranged and the child is bandaged to a small crucifix 
ready for the anaisthetic If very wasted 100 cc of saline solution 
IS given subcutaneously In some clinics this is performed as a routine 
procedure but it is our custom only to do it in bad cases Very rarely 
if the child IS extremely ill we give intravenous saline with 6 per cent 
glucose this usually being gwen with a special needle through the 
anterior fontanelle Jnto the longitudinal sinus 

Choice of anscsthctic — There is a considerable divergence of opinion 
whether these cases should be operated upon under a local or a general 
amisthetic At the London Hospital we have carefully tried both 
methods and are using local anaisthetics less and less frequently It 
has been our opinion that the results arc not so good that the child 
tends to be more collapsed and that the wound (Joes not heal so well 
One or two of these children have also shown definite toxic effects from 
the anesthetic It is therefore our custom now cither to give very 
small doses of warmed ether vapour or gas and oxygen aniesthcsia 
It is essential to have an aniesthetist who is experienced in this branch 
of work The anaisthetic is only commenced when the patient is 
brought into the theatre and when the surgeon and his assistants are 
ready 

Operative technique — As soon as the patient is anesthetized the 
abdomen is exposecl As the arms and legs are bandaged to the crucifix 
the belly is easily accessible The skin is prepared either with 2 per 
cent iodine solution or with plain spirit A high 2 in vertical incision 
IS made J in from the midhne and extending downwards from the 
right costal margin This is earned directly through the antenor 
aponeurosis and the rectus It is my custom in these small children 
not to displace the rectus for the nsk of mjunng this muscle m so 
smaff an incision is very sfigfit Ific postenor aponeurosis ancf pen 
toneum are opened in the same line In these > oung children practically 
the whole of the incision lies over the liver which prevents anj of the 
viscera extruding The nght lobe is now lifted up and the stomach 
withdrawn this usuall) presents no difficulty The viscus is then 
drawn over to the left until the pylorus is exposed and the presence of 
the pylonc thickening made manifest The duodenum is grasped 
between the finger and thumb of the left hand immediately below the 
thickening the limits of which are thus felt and made evident With 
a scalpel an incision i-2 in long is made along the thickened pjlonc 
canal midway between the lesser and greater curvatures (Fig 157 ) 
The length of the incision depends upon the extent of the pylonc 
mass With the blunt end of a Watson Chejne dissector the circular 
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incision 15 gently ^svabbcd to mike sure that there is no b'etnonhage 
and the stomach is allowed to sUp back into the abdomen If there 
should be a point bleeding it should be ligatured and if the mucosa 
at the fomiv has inadvertently been wounded a small catgut stitch 
IS used to close the opening The wound is closed in lasers thepostenor 
sheath and aponeurosis being sutured with intestinal catgut two 
tension sutures being passed through the abdominal wall the anterior 
aponeurosis being also closed with a continuous suture of catgut and 
the skin with interrupted silk sutures A dressing is applied and the 
patient returned to bed 

Post operative treatment — The treatment .after operation is very 
important If the patient is dehydrated 100 c c of normal saline with 
4 per cent glucose may be given subcutaneously and this ma> if 
necessary be repeated m si>. hours In the majority of cases however 
this is unnecessary and our routine treatment is to give 1 dr of 7 per 
cent glucose with water by mouth beginning three hours after the 
commencement of the operation and continued every half hour for 
seven doses Milk is given si\ and 
a half hours after operation WTierevcr 
possible the expressed mother s milk 
IS used 1 dr being given for the 
first three doses The intervals and 
the doses are then gradually increased 
so that by the twelfth feed 4 dr are 
being given every hour and a half 
and by the sixteenth feed the dose is 
increased to 1 02 which is given 
every two hours If it is impossible 
to obtain the mother s milk Cow 
and Gate food mixed with equal 
quantities of water is given in the 
same doses and at the same intervals 
The chief danger to these patients is 
the development of diarrhoea and 
SAWW. to be. vw 

creased by a possible infection m a 
general ward it is our custom to 
send these babies home on the third 
or fourth day Thc> are brought 
back to be seen in the ward and to 
have the stitches removed on the 
wclfth day 

Results of operation — There is ptr 
haps no condition m modem surgery 
which gives so much satisfaction 
These patients before operation arc on*'^ 

wi 7 ciied miserable little crcitiires case as^g 356 
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often on tlie point of death As the result of operatic e treatment the 
majonty are not only restored to nonnal but develop into fine bonny 
children who, cunously enough.-'are often above the average standard 
of height and weight (Fig 359) 

The results of operative treatment have been steadily improving 
In the earher days such interference was only sought when the children 
w ere on the point of death, and the mortahtv was high Rammstedfs 
operation can be completed in five to seven minutes and carries with it 
a much lower operativ e ribk than any of the previous procedures Now 
that Its value is appreciated, cases are sent for early operation and the 
mortality is becoming i ery small Of my 64 cases, 80 have been treated 
by the Rammstedt operation with a total of 15 deaths, but in the last 
senes of 81 cases there has only been one death The first four cases 
I operated upon were treated b> postenor gastro-enterostomy and 
three of them died These figures are m accord with those of the more 
recently published statistics L E Holt* states that in an early senes 
1901-1911 there was a mortality of 58 per cent m 24 cases, but in 
a later senes, 1915-1916, the mortality had dropped to 23 per cent 
Perhaps the most mterestmg of recent senes is that pubhshed by 
T H Lamman and T I Jfahoney f This consisted of a senes of 425 
cases operated upon at Boston m the years 1915-1931, and all treated 
by Rammstedt s method In the first 125 cases the mortality was 10 4 
per cent , in the second ISO cases 7 per cent and m the last 150 cases 
only 2 per cent They considered that the amesthetic of choice was 
ether b> the open method, and laid great stress upon the importance 
of pre-operative and post -operative care 


PEPTIC ULCERATION OF THE STOMACH AND 
DUODENUM 

There is every reason to beheve that the operative treatment of 
peptic ulceration is one of those branches of suigeiy which wiU 
ultimately disappear w^th increasing knowledge In spite of a vast 
amount of rlmicnl and evpenmental work the cause of these lesions is 
ill understood There is an overwhelming amount of evidence that 
hyperacvdiVy , erthet cowgewvtai ot acquire, is a very iiaportawt (actor , 
that gastritis is a frequent if not a constant precursor and concomitant 
of ulceration , and that infection giving nse to the gastntis maj 
possibly reach the stomach with the food and certainly is, on occasion, 
earned to the walls of the stomach from remote foci by the blood- 
stream Neuro muscular changes giving nse to abnormalities of 
emptying or to areas of vascular spasm appear at tunes to be important 
factors, and evidence is being accumulated that metabolic errors and 
endocrine faults may have a beanng. but the interaction of these 
different factors and the methods of controlling them are not at present 
fuU> known and thus, although recent know le^e has greatly increased. 
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the rational treatment of preventing peptic ulceration or of cunUj, it 
m its early stages by altenng these factors is not yet certain and surgery 
IS therefore often the sole means at our disposal of saving life and 
giving the patients a more comfortable and a safer existence 

Indications for operation — ^With the growth of medical and patho 
logical knowledge there has been a great change in the accepted form 
of treatment of these lesions Some thirty five ^ears ago surgery was 
only considered with the onset of some complication such as perforation 
hemorrhage or stenosis This penod v\ as follow ed by the rapid grow th 
of surgery till it reached its zenith some twenty jears ago when many 
surgeons taught that all peptic ulcers whether acute or chronic in 
young or old and whether producing mild or severe svmptoms 
should be subjected to operation and the profession of medicine was 
sharply divided into those who believed in operation and those who 
advocated medical treatment In later years evidence has been 
produced to show that many ulcers can be cured by medical treatment 
and that the indiscriminate use of surgery does not give satisfactory 
results At the same time surgeons and ph>sicians are in much closer 
accord as to which cases should be treated medically and which should 
be subjected to surgery There are still some divergences of opinion 
and this is bound to be so for the surgeon s advice is sought for the 
medical failures and the physician s aid is asked for those patients 
whom the surgeon has failed to cure and each is impressed b> the 
other s failures 

All would agree to-day that with the possible exception of a few 
cases of severe hemorrhage no operation should bt performed for 
acute ulcerations and erosions If they occur in the course of a severe 
septic infection elsewhere or of a septicemia attention should be 
directed to the primary lesion whilst those occurring without any such 
manifest focus will yield to adequate medical management It w as for 
the chronic indurated ulcer that surgery was most frequently advocated 
but there is no doubt that many su^ ulcers can also be cured and 
to-day no expenenced surgeon would advocate operation until the 
patient has had an adequate course of medical treatment it may be 
said that the mam indication for surgery is the failure of such treatment 
Tlie definition of a failure must however be considered a little more 
fully A viealthy patient living a comfortable and sheltered life may 
be cured of the acute symptoms and kept free from all recurrence b> 
adhering to a stnctly limited diet and living i carefully controlled life 
so that treatment can be regarded as successful A labourer with a 
similar lesion cannot exercise the same control A stevedore having 
to earn lus living in the docks cannot subsist on Bengers food 
peptonized milk eggs and custard he has to mike his dinner of 
meat bread cheese and possibly an onion or lose his work so tint 
in his case the medical treatment is a failure and surgical aid must be 
sought His only criterion of a cure is can he eat hts ordmarj food ? 
And can he carrj out his ordinary work ’ 

Hie other indications for surgical interference are the presence of 
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certain complications Severe h'emoixhagc in the opinion of seine 
surgeons demands immediate operation but tins question will be con 
sidered later The frequent recurrence of less sev ere h-emorrhages may 
endanger the patient s life and demand operation but these are onlv 
an indication of the failure of medicaf treatment If the ulcerperforates 
into the pentoneal cavitj the onlj hope of savnng the patient s life lies 
in immediate operation The presence of much scarring leading to 
stenosis and mechanical obstruction is a complication which can onlj 
be remedied b> surgical measures If there be an> suggestion in the 
S 3 ’mptoms or physical signs that the ulcer has undergone a 
caranomatous change operation should be performed at the earliest 
date Many lesions beconte inoperable because valuable time is wasted 
in making a probable diagnosis a certamtj It is to-da> gcneraU> 
agreed that some 10 per cent of chronic ulcers become carcinomatous 
Moreover the biggest danger that has ansen from the wider use of 
medical treatment of peptic ulcers is that a primary caremoma m its 
earlj stages may be mistaken for an ulcer and operation postponed 
until the lesion is long past the possibility of successful remov al 


Choice of operation — There is a considerable divergence of opinion 
on the procedure best suited to bnng about a cure m the different types 
of peptic ulceration Indirect operations may be performed which aim 
It neutralizing the acidity of the stomach and bj overcoming this 
important factor bnnging about a cure of the ulcer or the ulcer 
bearing portion of the stomach may be excised but if this is to be 
successful sufficient of the stomach wall must be remov cd to take awav 
the greater portion of the acid secreting cells so permanently reducing 
the acidity The indirect operations have a low immediate rportahty 
but a higher recurrence rate while the partial gastrectomics*are more 
serious and dangerous operations but are less likely to be followed by 


a recurrence although they may give nsc to other complications in 
later years I\o dogmatic statement can be made m the present state 
of our knowledge for the pnmary mortality wall of necessity depend 
upon the skill of the individual surgeon One who makes a practice 
of performing partial gastrectomy for all cases wall not only become 
more skilled with that method but using it for the lcs> senous cases 
aeih ’ififve -a Vc/h yrtntVfy a* 'i.bia. 

the more palliative operations will probably have a very low mortality 
for that group but having reserved the partial gastrectomy for the 
senous and advanced cases this operation in his hands wall have a 
high death rate The only test is for eacli surgeon to consider the 
whole of his cases treated by every method and to determme what is 
the total mortality \ery few such statistics have been publishctl 
moreover the nsk of late complications can only be determined with 
any accuracy after many years observation The literature on this 
subject IS enormous and figures liave been published strongly support 
m^bothmethods Generally speaking it is the custom on the Curopean 
continent to perform a partial gastrcctomv for ntarlv every variety oi 
peptic ulcer while m England and the United States the more con 
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servative vle^v is held, although even m these countries there are some 
surgeons who follow the Continental practice 

For these reasons it is useless to quote large numbers of published 
figures and I shall therefore only discuss my own methods, my reasons 
for using them and the results I have obtained thereby 

Duodenal ulcer 

This variety of chronic ulceration is the one m which high acidity 
IS so marked a factor In the great majority of cases the acid is raised 
well above the normal and it is, therefore, m them that the two 
methods of treatment may be sharply' distinguished — 

1 Operations which arc devised to neutralize the gastric acidity by 
intimately miNing the bile and pancreatic secretions Tliese operations 
may or may not be combined with local treatment of the ulcer 

2 Those that permanently reduce gastric acidity by excising the 
greater part of the acid secreting area of the stomach 

In the first group are included posterior and antenox gastro- 
enterostomy, and excision combined with gastroenterostomy or 
gastro duodenostomy, while in the second group are the operations of 
partial gastrectomy 

Until a few years ago gastroenterostomy was the operation uni- 
versally ad%ocated and it was generally believed that in its modem 
forms It gave a low mortality, easy convalescence and satisfactory 
results Of late, however, the end results have been questioned 
There is perhaps no more satisfactory operation in surgery than a 
posterior gastro-enterostomy performed for a stenosmg and obstmcting 
ulcer of the duodenum, but it has been thought by many’ that the 
results are not so good in the absence of stenosis and that with young 
people the results are often unsatisfactory Unfortunately the ease 
of its performance led to its use by many who were untrained not only 
in the technical steps of the operation but in the selection of correct 
cases for operation 

In retrospect it is fair to say tint most of the young patients with 
ulcers without stenosis, which gave bad results, should have been 
treated medically The bad results were due not to the wrong 
operation but to the performance of any operation at all The chief 
objection which has been raised to this procedure is the fancied fre- 
quency of gastro jejunal ulceration after it Much has been written 
on the incidence of this serious complication by Lewisohn, Fimsterer, 
von Haberer, Von Eiselsberg and, m this country, Pannett, Ogihie 
and others, who regard the incidence as lietween 15 and 20 per cent , 
a view which is also held by many physicians If this were so it 
would indeed be a very big indictment of the operation, for there can 
be no question that gastro-jcjunal ulceration is a very serious com- 
plication and that the operation for its cure carries with it a high 
mortality My own cxpenence does not, however, sujijiort this view 
All my’ cases hav e been most carefully follow cd up m a sjiccial follow -iij> 
department which has been m operation since 1919, so that none of 



684 OPE^IATIONS ON THE STOMACH 

the cases has been lost The actual figures show that m 896 ca«es of 
duodenal ulcer the incidence of gastro jejunal ulceration was just 
under 4 per cent , and I am confident that these figures are correct 
On the other hand partial gastrectomy does reduce the acidity more 
completely and lessens the inadence of gastfo jejunal ulceration but 
it does not, as was at one time believed entirely remo\e it In my 
ow n cases of extensive duodenal ulcers treated by partial gastrectomy, 
there has only been one case of maiginal ulcer, but of the 128 cases of 
gastro-jejunal ulcer which have come to me for further treatment 
there were 6 m which the previous operation had been a partnl 
gastrectomy This is an incidence of 4 6 per cent of the total numbers 
of gastro jejunal ulcer but I have no data from these figures by which 
I can ascertain its incidence in a group of cases treated by partial 
gastrectomj Although partial gastrectomy probably does lessen this 
danger there is no doubt that it carries with it a higher mortality, 
which m the many reported figures averages 5-10 per cent and these 
results are obtained by the most expert surgeons performing it as a 
routine method even for simple ulcers In order to reduce its mortality 
many surgeons are modifj mg the partial gastrectomy, and are leaving 
the pylorus behind and taking away less of the stomach This is the 
procedure in the popular operation of Fimsteter and there is no doubt 
that many of these resection operations are no longer true partial 
gastrectomies but are approximating to the old sleeve resections an 
operation which was abandoned because of the frequencj of recurrent 
ulceration and it seems likely that the> w ill carry in the future a big 
nsk of local recurrent ulceration 

My opinion, based on this expenence therefore is that it is unjusti- 
fiable at present to replace an operation w ith a mortality (m my hands) 
of 1-2 per cent by one with a mortality of 5-10 per cent m order to 
avoid a comphcation which occurs id no more than 4 per cent of the 
cases The correct procedure however for every surgeon is to 
investigate his owm cases most carefully and to carrj out that technique 
which m his hands he finds gives the lowest immediate mortality and 
the highest freedom from future complications 

My own practice is to perform these operations as follows — 

1 Gastro enterostomy —This is used as n routine operation 
MTierever possible the postenor method is performed If there is a 
short mesocolon or if it is laden with a good deal of fat, the antenor 
anastomosis is earned out The short circuit is combined with 
embeddmg the ulcer and occlusion of the pyloru* for this prevents 
the possibility of a haumorrhage from the base of Oie ulcer, which might 
have been imtiated by mampulation at the operation 

2 Partial gastrectomy — This operation h reserved for cases with a 
\erv high aciditj and no stenosis and generaU> for joiinger pwple 
who undoubtedly show a higher incidence of gastro jejunal ulceration 
Recently Hermon Taylor has shown a relationship between hjper 
trophic gastntis and the future appearance of gastro-jejunal ulcer H 
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found it in several of my cases, by gastroscopy before operation, and in 
these patients I performed a partial gastrectomy Generally, some 
form of the Billroth I method is used m hich restores the stomach more 
to its normal shape, but if there is the slightest difficulty in approxima- 
tion or in sutunng the duodenum, the Polya operation is substituted 

3 Excision plus gastro-duodenostomy — ^This operation I \ ery rarely 
use It IS frequently performed by many American surgeons, who 
claim good results but m my o\\ n hands there have been few cases m 
which the ulcer could have been excised with a low nsk which would 
not have been equally satisfactory after the simpler operation of 
gastro enterostomy It is true that by excising the ulcer and making 
a wide opening betw een the stomach and duodenum satisfactory results 
are often obtained and there is of course no nsk of a gastro jejunal 
ulcer but my own experience has been that there is a considerable 
risk of local recurrence 

Gastric ulcer 

With ulceration of the stomach the effect of hyperaciditj is less 
marked M> own experience has been that in most of these cases 
the aciditv was within the upper limits of normal, although all obseiwers 
are not agreed upon this point, but it is certain that it is not as a rule 
raised to the same degree as in a duodenal ulcer Nevertheless, there 
IS still the same difference of opinion as to whether operative treatment 
should be directed locally to the ulcer or whether a partial gastrectomj 
should be performed — earned out in this case with the idea of removing 
the whole of the ulcer bearing portion of the stomacli 

At one time gastro-cntcrostomy alone was the operation of choice 
It was felt that with this measure a certain amount of rest was obtained 
for the ulcer and the aciditj was reduced It was soon found, however, 
that, although some ulcers were completely cured there was a high 
percentage of recurrence, which is usually given at about 40 In the 
small senes of cases in which I performed this method alone, there* 
were over 8 per cent of recurrences, and 1 have treated 20 cases 
where a lesser curve ulcer developed after the performance of 
gastro-entcrostoni} for a duodenal ulcer It has, therefore, been 
abandoned as the routine treatment of ulcers of the lesser curva- 
ture gf the stomach Nevertheless, there arc certain cases of verj 
large and deep ulcers in which a partial gastrectom) would bo a 
formidable undertaking or, indeed, might be impossible owing to the 
high situation and size of the ulcer In these cases it is often vs ell 
worth while performing an antenor or a posterior gastro-enterostomj, 
but the patient should always be carefullj followed up afterviards In 
a certain percentage a complete cure maj result, but m the remainder 
there is onl\ temporar\ or incomplete improvement, although at a 
second operation the size of the ulcer maj have so diminished that a 
resection is quite possible It is often stated that the drawback of 
this measure is that if the ulcer at the time of the first operation had 
been carcinomatous the operation would be of no avail If it is onI> 
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emplo}ed for these \en e\tensne ulcers and carcinonntous changes 
had been present a radical cure would alreidv ha\e been impo ible 

Local operations for the resection of the ulcer alone ha\e frequenth 
been performed A V excision was introduced b\ Rvd^gier and was 
at one time \er«, popular but it is of cou^^e theorLticall\ unsound 
If an ulcer would deielop m the normal stomach it would be much 
more hkelj to develop m the scar of a resection In a verv small 
senes of cases where I had performed this operation 50 per cent 
recurred If however it be combined with a gastro enterostom) I 
believe it la one of the most satiafacton of all operations for a small 
and mobile ulcer It cannot be adequatel} emplojed if the ulcer is 
big or has much induration around and it is techmcall} v erv difiicult 
if the ulcer is situated high up on the lesser curvature In mv own 
senes there have been 262 simple ulcers and 81 cases of hourglass 
constnction treated M this procedure In this group the mortalitj 
was 8 per cent and there was onU one recurrence in the whole sencs 
It is 1 believe preferable to combine the gastro-enterostom} which 
m these cases runs along the greater curvature with a temporarj 
occlusion of the p\lonJs 

For certain simple ulcers which are less accessible the lesion ma\ be 
destroN ed with the actual cautery This method is eminently suitable 
for a small ulcer high up on the postenor surface The stomach can 
be turned up and the ulcer destroyed with the cauter> the opening 
IS then sutured mth catgut the pylorus is temporanlv occluded with 
a running mattress suture of silk and a postenor gastro enterostomv 
IS performed Tins operation has been ver> vndel) earned out b\ 
Balfour at tlie Alavo Clmic with \er\ satisfactorv ksuUs 

In the rare cases where the ulcer is situated on the middle of the 
postenor surface and is not easfl} accessible Ma)o’s transgastne 
resection raa^ be useful the stomach is opened the ulcer exci cd 
from vMthm the opening sutured with catgut and a gastro entero->tomv 
’performed 

From time to time it has been advocated that the ulcer itself should 
be embedded with a purse string suture md the gastrO'Cnterostom} 
then carried out It is probable that the area of the ulcer owing to 
tJie constnction in large part necroses and the method has come to be 
known as that of stitch resection It is more uncertain than the 
wedge resection or cautery resection but this effect is probibU 
produced when a perforated ulcer is embedded or a bleeding ulcer is 
controlled with the insertion of stitches for it is a remarkable fact 
that when a perforated ulcer of the lesser curvature of the stomach 
has been sutured and a gastro-enterostom) performed reairrencc is 
ver) rare whereas as already mentioned gastro-enterostom) for a 
non perforated ulcer has a high percentage of recurrence It is mv 
own custom to reserve this method for cases of perforation and for a 
few cases of hTmorrhage 

At one time the so-called method of sleeve resection w as \ en i>opiilar 
B\ this method a segment of the stomach bcanng the uktr wx*. 
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excised and an end end union earned out My own experience has been 
unsatb-factor^ , and I believe that the operation is theoreticalh incor- 
rect If the segment removed is small the operation has the same 
drawbacks as has a V-resection not combined with gastro enterostomy , 
and even if larger it is in fact only a badly -performed partial gas- 
trectomy which does not remove the whole of the ulcer beanng area 
nor reduce the acidity with any certainty Some of the modem forms 
of partial gastrectomy or resection of the stomach are approximating, 
in the small amount removed, to this old operation and therefore, in 
my view, are unsatisfactory 

Partial gastrectomy is almost universal with most Continental 
and some Bntish surgeons My objection to it as a routine operation 
IS that It seems physiologically unjustifiable to remove seven eighths 
of the stomach for an ulcer which may be only J in in diameter It 
carries with it a higher mortality than the V-resection and is associated 
with a greater danger of subsequent anremia For large ulcers where 
a V-resection would cause considerable deformity, it is the only 
feasible method In such cases the upper portion of the stomach 
may be united to the open end of the duodenum or to the side of a loop 
of jejunum Owing to the risk of subsequent anamia from the bigger 
resection, and the higher mortality associated ivith these operations, 
many surgeons are advocating that the stomach be divided proximal 
to the pylorus and the operation then completed by direct end-end 
union 

In certain cases in which the ulcer is close to the (esophagus a 
gastrectomy which removed the ulcer would m fact have to be a total 
resection, an operation which carries with it a very' high mortality 
In such cases a gastrectomy below the ulcer has been advocated for, 
the acidity being thereby abolished, the ulcer will heal To my mmd, 
however, the more satisfactory method is that in which the gastrectomy 
IS performed in this way below the ulcer but the lesser curvature of 
the remaining portion of the stomach which contains the ulcCr is then 
excised, the lesser curve is sutured and the partial gastrectomy com- 
pleted in the usual manner This is knowm as Pauchet's operation 
and I have found it extremely satisfactory In one or two cases the 
ulcer has been so high that after excision it has been necessary to pass 
an oesophageal tube so that the sutunng of the lesser curvature does 
not constrict the oesophagus, but in spite of this technical difficulty 
the results have been very satisfactory 

It IS my own custom, therefore, to select operations for peptic ulcer 
of the stomach in the following manner 

For relatively small mobile ulcers on the lesser curvature, a V- 
resection is performed and the opening m the stomach closed The 
py loms IS temporarily occluded with a running-mattress suture of silk 
and a postenor gastro enterostomy is performed, the opening of the 
anastomosis being placed on the postenor surface of the stomach and 
running along the greater curve so that, wherever possible, half the 
opening is proximal to the line of excision and half is distal 
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For ulcers so large that local excision uould cause considerable 
deformity for widely adherent ulcers and for those m which there is 
the shghtest suggestion of carcinoma a partial gastrectomy is the 
operation of choice 

It w as my previous custom to perform a Billroth I tj-pe of anasto 
mosis if only three-quarters of the stomach was removed and to use a 
Pol^ gastro jejunostomy for the larger resections An appreciation 
of the fact that the larger the portion of the stomach removed the 
greater the mobility of the cardiac end ow ing to the wader division 
of the gastro splenic omentum has me in later years to use the 
Billroth I method m nearly all cases the mam counter indication 
being a narrowed duodenum 

For relatively small ulcere high up on the stomach a cautery resection 
and gastro enterostomy is the method of choice but if the ulcer be 
larger and nearer the oesophagus Pauchet s modification of a partial 
gastrectomy is selected If the ulcer be very big and high up a 
simple gastro enterostomy is performed and the patient is then 
carefully watched and the progress of the ulcer controlled by X ray 
investigation If it persists a second operation may be performed in 
a year or more by which time a resection or partial gastrectomy is 
usually feasible 

By selecting the cases in this way it will be found that the more 
palliative operations give a relatively low mortality and with gastric 
ulcers the nsk of a marginal ulcer is almost negligible but the partial 
gastrectomies which are reserved for the more senous cases will have 
a higher mortality than many lists that have been published and it is 
for this reason that I feel Aat selected statistics of one method of 
treatment are of but httle value In my ow n senes there have been 588 
cases of ulcer of the lesser curvature and 90 cases of hour glass stomach 


The total mortahty by all methods was just over 8 per cent but in 
the group treated by excision and gastro-enterqstomy it w’ls only 
S per cerft Gastrectomy which was used for very large ulcers often 
very adherent gave in this group a mortality of a little over 10 per 
cent I believe that these figures are a fair estimate of the results 
that are obtamed by surgeons practising m this branch of surgery 
Preparation for operation — Many of the patients who come for 
operation w ill ’nave had a course ol medical treatment and ■wi'A tiaxe 
been in bed on a stnet diet and proper drags and thus will have been 
prepared for operation If they have been up and about they must 
be carefully prepared In most cases the blood should be exnmmed 
and it IS my own custom if the h-emoglobin is low and operation is 
urgent or in any case in which it is below 70 per cent to give a 
blood transfusion otherwise it may suffice to keep them at rest in 
bed for a week on careful diet and with some iron preparation If the 
patient is at all wasted and dehydrated fluid should be given and my 
own preference is to administer this jxr rectum 1 oz of glucose in 
1 pmt of water being given at 12 hourly interval Many surge®”® 
adWate the intravenous administration of fluid but by this methotl 



PREPARATION FOR ULCER OPERATION 689 

it IS easy to give too much and to increase the risk of postoperative 
pulmonary cedema It is ahvays advantageous to give glucose either 
by mouth or per rectum Even if the patient is apparently in good 
health no operation should ev’er be performed unless there has been 
at least one complete day’s previous rest m the nursing home or 
hospital Nothing is more to be deprecated than the habit of taking 
a patient in late overnight and operating early ne\t morning 

On the night before operation the abdommal vv all should be shaved 
and the skin prepared It may be painted either with iodine or with 
plain spirit , the only benefit of iodine over spirit is that it show s clearly 
where the material has been applied The abdomen is then covered 
with a sterile towel a second application being made on the morning 
of the operation, and a third on the operating table The ordinary 
meals which the patient is able to take are given up to and including 
lunch, if the operation is to be performed early next morning In the 
evening a small meal of Benger's fluid, vegetable soup or milk is given, 
and after that nothing before the operation 

Choice of anscsthctic. — Many different forms of ansesthesia are 
used and equally good results are claimed by the different methods 
The choice will depend upon the skill of the anesthetist On the 
Continent, where specialist anesthetists arc unusual and many of the 
anssthetics are given by students or nurses, the surgeon usually 
employs some form of infiltration or local amesthctic If a general 
anaesthesia is employed, the surgeon should always make use of an 
anesthetist who is conversant with his methods It ism big operations 
of this sort that team w ork is so essential It is my ow n custom alvs ays 
to employ the same anesthetist . he examines the patient the day 
before operation, and I leave the choice m his hands Usually a small 
dose of omnopon and scopolamine is given three quarters of an hour 
before operation , in some cases only one hundredth of a gram of 
atropin is used I find that to-day the majority of anesthetists have 
abandoned the use of av'ertm or evipan, and if they use these drugs at 
all give only a minimal dose to make the patients unconscious until 
they reach the theatre The actual anesthetic is either warmed 
ether vapour or gas and oxygen, or a combination of both Today, 
many prefer pentothal My own experience has been that a skilled 
anesthetist can give these drugs so satisfactorily that not only is 
complete relaxation obtained but the nsk at operation is greatly 
diminished 

Operathe technique. Incision — Many incisions have been advo- 
cated Of late there seems to be a tendency to revert to the midlmc 
incision To my mind this is very unsatisfactory Tlicrc is only a 
single layer of aponeurosis to suture and I have seen many cases 
where there has been a wide divancation of the rccti after it Those 
who employ it claim that it is much quicker, but an operation of this 
magnitude should never be made a race against time Some employ 
the transverse incision, and although this usually unites satisfactorily 
I think it causes an unnecessary’ amount of injury’ to the alxiominal 
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u all In mj o« n hands the upper pnnmedian mciMon w ith dt^p! ice 
ment of the rectus outwards has been \er> satishctoo Afucorsi\ 
inch vertical incision is made through the skm an inch to the right of 
the midlme all bleedmg is controlled and skin towels are then chmped 
to the subcutaneous fat (Fig SCO, A and B ) Special form>, of 
forceps for this purpose are unnecessary . the ordmarv small Spencer 
Wells forceps can be used and thus the multiplication of instruments 
IS avoided The antenor aponeurosis is divided m the line of the 
skm incision and the internal flap dissected off the rectus muscle In 
most cases this separation is easy but in a second operation i careful 



dissection may be required The rectus being retracted, the poslenor 
aponeurosis is divided in the line of the skin incision so tint when 
sutured this incision is completely covered by the muscle As a 
general rule the right paramedian incision w ill be found most service- 
able even when the ulcer is high up on the lesser curvature It will 
always give free access to the duodenal stump, and if the fundus of 
the stomach is far up it is made easily accessible by the div ision of the 
falciform ligament and hgamentum teres For very high ulcers where 
a V lew of the cesophagiis is liecessarv . the dev ice firet demonstrated to 
me by Prof Grev Turner of dividing the left coronary hgimcnt an(f 
turning the left lobe of the liver to the nght will be found extrcniclv 
useful As soon as the abdomen is opcneil a general investigation is 
earned out i . « i 

It IS always essential to examine first the viMrera thougnt to ik 
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healthy, for as soon as the known le>ion is found the surgeon’s attention 
may become so concentrated upon Jt that he is likely to forget the rest 
of the abdomen. In cases of gastric and duodenal ulcer, the hand 
should be inserted into the pelvis, the uterus and ovaries in females 
rapidly examined, the crecum and appendix felt, the pelvic colon 
examined for the presence of diverticula or a possible carcinoma, 
and the gall-bladder and pancreas examined The hand is then 
slipped over to the left and the condition of the spleen investigated. 
The stomach js withdrawn and attention given to the duodenum and 
lesser cur\’ature 

Wien the operation is completed the postenor aponeurosis is held 



Fig 361. — Method of sutuiing peritoneum and postenor 
sheath 

up with Spcnccr-Wells forceps and a strip of thick rubber about 
7 in. by 4 in , which is easily made from the inner tube of an old motor 
tyre, is inserted and adequately covers the intestine. The posterior 
sheath is then sutured with continuous catgut, a most satisfactory 
grip being obtained by a ninmng-mattress suture, the right side of 
the aponeurosis being picked up from within and the left side from 
without (Fig SRI ) The rectus is held back m position by one 
catgut stitch loosel> tied If the patient is fat, or in all cases of 
carcinoma, two or three stout tension sutures should be inserted which 
pass through tlie skin, anterior sheath and rectus The anterior 
aponeurosis is sutured with a ninning suture of catgut and the skin 
with sutures of fine silk, and a drj* dressing is then applied. 
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In a supposed case of duodenal ulcer the lesion must be 
identified beyond doubt bj the presence of induration scimnq of 
the pentoneal surface and the charactenstic speckling around its 
edges If the duodenum be mobile and its lumen patent, the ulcer 
should be embedded sufficiently to occlude the duodenum temporarily 
This can be best accomplished the passage of a running silk mattress 
suture, the so-called Kellmg-Majo suture fFig 8C2) If there be 
much stenosis or the duodenum be fixed and adherent, this stitch is 
unnece^aiy 

\\'here\ er possible a postenor anastomosis should be chosen Tins 
gives most satisfactory results and is less likely to be followed by 
postoperative obstruction The great omentum, the transverse colon 
and the stomach are drawn out of the wound and turned upvs'arda on 



F)g 367 — K«llmg Msjo suture lor embedding duodensl 
ulcer or temporanij occluding pjlorus 


the towels lynttg over the thorax, thus exposing the under surface of the 
mesocolon This is opened b\ a vertical incision m a bloodless <pice 
usually between the left and middle colic artenes, the so-called space 
of Riolan The opening is enlarged until it is 8J— 4 in m length anti 
the postenor wall of the stomach is gras|>cd at the lesser curve with 
the nght hand and at the greater curve with the left hand (Fig ‘103) 
The portion of stomach so held is withdrawn and rotated counter 
clockwise An assistant applies a nibber cov ered clamp to its base, 
the handles being on the patient s left By this meins the stoim will 
be placed vertically on the postenor wall of the stomidi If prefOTcd 
it may be made to incline to the nght or left vnth no impairment of the 
immediate or late results, but the vertical opening usually Ile^ more 


The upper end of the jejimum is then picked up and the duod^^ 
leiunal lunction cleirly seen and examined for abnomnlities i ^ 
contents of the first eight inches are * milked awiv. ® j / * 

covered clamp IS applied with the handles towards, the patient s Ic , 
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and about 3—4 inches from the duodeno jejunal junction, so as to 
engage a loop of intestine of a similar length to the part of the stomach 
already engaged At one time it ^^as adxocated that the clamps 
should be applied as close to the duodeno jejunal junction as possible 
(no loop operation) The presence of tension is contrary to all surgical 
principles, and therefore a loop only of sufficient length to avoid 


3^3 — Posterior gastro enlerostoniy The transTerse colon has been turned 
up the meso colon incised and a portion of the stomach withdrawn 

tension about 3-4 inches should be left The assistant, holding the 
handles of the clamps approximafes the two, but, before bringing 
them together, a layer of gauze, 12 m by 2 m , is Kid between 
and behind them so as to prevent extravasation when the viscera are 
opened (Hg 3G4 ) Tlic damps with their contained jxirtion of 
stomach and jejunum arc brought together Tlie omentum, transi erse 
colon, and the rest of the stomach arc now replaced in the abdoinma! 
cavity through the upper part of the inasion and the damps and their 
contents are shut off from the pentoneal cavitv by placing two pads 
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under and around them A suture of No 0 catgut mounted on an 
eveless needle is pissed through the scro muscular coits of both 
\isccra near the handles of the damps and tied The short end is 
damped a second suture is passed in a similar mannr near the points 
of the damps and tied The short end is aL,o damped The needle 
of the second suture is now pas.>ed to and fro as a continuous suture 
through the seromuscular coats along the whole length of thi 



; 


364 — Posterior fastro enterostamj The stonuch and jejunum hare been 
damped and a roll of gaure placed between them. 

approMmatod viscera and tied to the ^hort end of the first suture 
It IS then cut off 

The stomach is then opened fo/ a distance of 1 m bv an incision 
parallel with the suture hne and at a distance of a thinl of an inch 
from it This should always, I)C done in two stages first the sero 
muscular and then the mucous coats Rarth is it nece^sarv ti 
remove anv redundant mucosa for this mu'-t never lie deficient at the 
suture lim. Tlie jejunum i-. next ojicntrl b\ a similar incision The 
adjacent (posterior) cdp,ts of the op* nin^s m Iht st* m ich md jejunum 
art then umicd bj a continuous through and through catgut suture 

(Fig yes A) In this case the suture IS mounted with eyeless n(*ediei 
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’>«< commenced near Ihe eentre. One ncttlle is 
passed through all coats until one half the catgut hastieen passed the 
too ends, each with a needle, are tied ; one is (hen isassed to and (ro 
through “11 coats until the end near the handles of the cl.amm is 
reached. It then turns the comer and unites aljout a third of the 

length of the antenor edges, when it is tied, (Fig.scs.l!) Tlwiiluje 

must he drawn sufficiently tightly to be h-xmostatic. Tlie otlie'r half 



of the suture is p-assed towards the points of the clamps, round Ifiii 
comer to unite the anterior margins until it meets the tied ends of the 
first suture when It IS also tied. It docs not matter if a little of the 
mucosa proinidcs l>ctwccn the stitches. Tlie damps arc nmc rcn’.osTtl. 
and the suture line cxaminctl for bleeding points, \\hidi can be 
trolled li ncccssar>’ by an occasional inattrcvs suture. Tlic 
mu'icuJ.ir suture is then resmned {Fig. 3GS, C) and the inner 
line buned by a continuous stitch which U finished ofi by bnottios 
with the original end. 
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Some surgeons advocate three layers of sutures, the first being 
sero-muscular the second through Ae divided sero muscular laj crs 
and the third through the mucosa Since the chief function of the 
suture passing through all three coats is h'emostatic the use of the 



three suture method in my opinion is unsatisfactory as it defeats this 
function and is more likely to be follow e<l bj hxmoirhage 
The gauze and the two protecting pacls are removed and the 
opening in the transverse mesocolon is sutured to the stomach bj three 
or four mtcmipted sutures so as to prevent postoperative hcmia 
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(Fig 366 ) If theopening is stitched to the jejanum there is espcaallr 
m fat patients a nsk of obstruction by subsequent contraction After 
replacing the stomach in the abdomen any other abnormalities that 
hat e been found are corrected Some surgeons remor e the appendix 
as a routine measure but as this means a prolongation of the operation 
and often an increase m the length of the incision it is better to do it 
only if the appendix contains concretions or is in any other war 
abnormal ^ 

If the mesocolon be short scarred or greatl> thickened from the 
presence of fat or if the stomacn be small and high up a postenor 
gastro enterostomy ma> be impossible or unuise The same may be 
true if the operation is being performed as a palliative measure for 
carcinoma which widely involves the postenor wall A.n anterior 
anastomosis is then perfonned A loop of jejunum is. brought round 



F g 368 — Pyloroplastx 

A Lenp uduul n Ba hrough pytme sphincter ■ Trcnsvwse suture ol opetmic 

the transverse colon and clamped the loop should be suf5cientl> long 
just to pass round the colon without constricting it but must not hang 
as a free loop Its proximal limb will usually be 6-8 in m length 
The anastomosis m this case lies along the greater curvature with the 
afferent loop nearer the cardiac end and is not v ertical (Fig 367 c) 
In cases where the stomach was adherent to the postenor wall but 
the mesocolon was of suffiaent length Sherren adv ocated that the loop 
be brought through the mesocolon and gastro-cohe omentum and 
united to the anterior wall of the stomach (antenor retro colic) (Fig 
367 d ) The clamps should be loosened before the antenor wails are 
sutured as all the big vessels enter the postenor w’alls and are div ided 
when the opening is made \Mien combined with wedge resection ol 
an ulcer of the lesser curv ature of the stomach a postenor anastomosis 
IS performed but in this case it also nins along the greater curvature 
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uith the afferent loop near the cardia and thus lies below the line of 
suture of the wound of inusion (Fig 8(57, b ) llic Rou\ operation 
should never be performed as it diverts the alkaline secretions below 
the anastomosis 

Pytoroplasty avd Gastro-duodesostomy 

These operations are widely performed b> man> surgeons but have 
not become ver^'^ popular in this countrv 



Pyloroplasty. — The simplest of these operations is that known as 
the Heincke-JIikuhcz operation or, in this countr)’, as AUmgham’s 
operation A longitudinal incision about 11 in long is made* in the 
anterior wall of the pjlonc canal and first part of the duodenum 
(Fig. 8G8, A ) The incision should he midway between the greater and 
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lesser curvatures and ill coats ire divided The vvalk of this lonei 
pulled apart and the opening sutured transverseh 
(hig 368 B ) It IS useful m the few cases of definite stenosis where 
there is no evidence of active ulceration Such cases are the rare 
examples of apparent persistence of congenital stenosis to adult life 



Fig 370 — Fmnej s operation, mod fied posterior all-coats suture 

and possibh a few instances of scamng where m ulcer has healed 
In the rare conditions in which this operation is possible the results 
have been remarkablv successful 

Castro duodenostomy — In this operation either the p} lone canal is 
much widened or a new comrauiucation is made between the 
and duodenum. In the operaUons of Jaboulay and Koclier, and later 
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that advocated b) Balfour a direct communication uas made between 
the dilated stomach and the duodenum below the stenosed pylorus 
but the operation which has been most in \ ogue is that of Finnej who 
has published a large number of successful results He claims that it 
can be easilj and rapidlj performed and allows of direct access to and 
excision of ulcers on the antenor wall and of some on the postenor 
wall and of direct control of any bleeding point He states that the 
pylorus must be freed from adhesions and the duodenum freely 
mobilized In his description the duodenum and stomach are united 
by mattress sutures of silk but m this country continuous sutures of 
catgut would be used as in any other union (Fig S69 ) 

Balfour has modified this operation by excising the anterior half of 
the pjlonc muscle with any ulcers on the antenor or lateral walls and 
cauterizing or excising ulcers on the postenor wall The pj lone outlet 
IS then reconstructed usually by sutunng the large opening transi erscly 
so as to leave a free passage between the stomach and duodenum He 
has obtained very satisfactory results bj this method and has found 
It especially useful in cases of ulcer with hemorrhage My own experi 
ence has been that these methods offer but little advantage over 
postenor gastro enterostomy and therefore I have employ cd them but 


Fig 371 Excision of gastric ulcer Left appl cation of clamps right 
ulcer and surrounding tissue excised 

rarely If the ulcer be tvidely embedded by the silk mattrc'S suture 
hxmorrlnge can nearly alway'S be well controlled and the gastro* 
enterostomj m my hands, has pro\ed the safer operation while the 
nsk of local recurrence after these operations appears to be considerably 
greater than that of gastro jejunal ulceration after gastro-enterostomy 

Excision \nd Gastuo FsTutosTosn 
Excision of an ulcer of the lesser curvature alone has proted un 
reliable about 50 per cent of the cases recurring but when combined 
\vitli gostro-enteroatomy the results are %er\ satisfactory As with 
duodenal ulcers the lesion must be made manifest Tlie transverse 
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F g 37* — Exas on of gastnc ulcer Left, insert on of firet row of sutures 
r ght, m.ert on of last row of sutures 


colon and stomach are withdraum from the abdomen and placed on 
the toneU on the abdominal uall A free opening js made in the 
gaatro<olic omentum and the ulcer explored postenorU If \crj 
adherent over a large area to the pancreas a partial gastrectom) will 
probablv be the operation of choice If the adhesions are smaller 
thej are divnded and the stomach freed The artenal arcade on the 
lesser curvature is then ligatured and divided with catgut or silk 
sutures I in proximal and di>tal to the ulcer Clamps are now passed 
across the stomach proximal and distal to the ulcer (Fig 371 ) The 
postenor blade of each is passed through the opening alreadv made in 
the gastro colic omentum and emerges through the lesser omentum 
where the arteries were tied A gauze pad is passed along the «ame 
path behind the stomach A wedge-shaped portion of the stomach 
with Its base at the lesser curve containing the ulcer and pa'^sing well 
free of Its margins IS now excised (Fig 371) The postenor maigins 
are held up and their serous surfaces united 
by a continuous sero muscular suture of 
catgut commencing af the apex of the ? 
The union of the postenor laj ers is com 
pleted bj a continuous htemostatic suture 
passing through all lajers and also com 
mencing at the apex The antenor lajer^ 
in a Uke manner are united b} two lav ers of 
sutures (Fig 372 ) The operation is com 
pleted bj temporanlv occluding the p\ lorus 
bj in‘*ertmg a running mattress suture of 
silk and performing a postenor gastro- 
Fk 373— entero<!tom\ This latter step is done m 
"'““SoSlr"" lhelMaI»a^ hut the opening i, made to 
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pass along the greater curvature below the suture line of the excision 
(Fig 873 ) If possible the opening should be so placed that one half 
of It lies proximal and one half distal to the line of excision 

Cautery excision will be found most useful for small ulcers high up 
on the postenor surface where a wedge resection w ould be technically 
difficult An opening is made in the gastro colic omentum and an> 
adhesions between the ulcer and the pancreas are divided The 


Fi<t 374 — Cautery excision of ulcer high up on posterior surface of stomach 

stomach is now turned upwards so that the ulcer is exposed through 
the retracted edges of the gistro-colic omentum A fixation stitch is 
passed through the sero muscular walU of the stomach between the 
lesser curve and the ulcer and bj traction upon this the posterior 
wall of the stomach and the ulcer are pulled away from the anterior 
wall which otherwise might be injured bj the cautery The Pacquehn 
cautery is now p'lssed through the base of the ulcer into the cavity^ 
of the stomach and the edges of the ulcer are completcls burnt aw ay 
(Fig 871) Tlic resulting opening IS sutured by two layers of catgut 
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Pis- 375- — Traft*s»*tr«c resection ; indsion. 

suture which usually have to be passed on a curved needle, and the 
operation is completed by occlusion of the pylorus by the mattress 
suture and the performance of a posterior g^tro-enterostomy as for 
the wedge resection. 

Transgaslrtc resection will be found useful in a few exceptional cases 
where the ulcer is on the posterior surface of the stomach and is adherent 
to the pancreas. The stomach, which has been emptied by a stomach 



Fig. 376. — ^Traus-gastric resection. 

A eaalCTJ • SotnrsiC from *r«lun liw 
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tube, IS Opened by an incision through its antenor uall (Fig 375) 
This should pass at right angles to the two curvatures Its edges are 
retracted and the ulcer is freely excised either with the scalpel or 
cautery (Figs 874 87G, \) The resulting opening in the posterior wall 
is sutured with through and through sutures from within (Fig S7C,n} 
The antenor opening in the stomach is now closed, the \iscus turned 
up and the posterior wound reinforced by a scro muscular suture of 
catgut The operation is completed w ith the usual temporary occlusion 
of the pylorus and a gastro enterostomy 



Fig Billroth I operation and some of its modifications 

Sltlch rcscclion is rarel> carried out as a set operation In the original 
suggestion two layers of puree string sutures were passed around the 
area of the ulcer on the external surface of the stomach so as to cause 
its necrosis but a more sitisfactory result is obtained by wedge or 
cautery resection The same is usually true m the treatment of ulcers 
that hav e led to sc\ ere ha-morrhage Rarclj . the h-emorrhage may be 
controlled bj surrounding sutures, and probably the mattress sutures 
u<cd to close a perforation on the antenor wall of the stomach act in 
the same way If inscrteil to control humorrhage and often if w^etl 
24 
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to close T perforation this step should be combined 
the pjlorus and gastro-enterostomi 


«ith occluiion of 


Partial G\strecto5[\ 

partial Bastrectomi hate been performed wmi 

a,,™ anastomoses are performed and arc represented 

aiagranunaticallymrig 877 Thetwomostcommonhrierformtdto-div 
are (rt) Some form of the Billroth I where the stomach united to 
tne open end of the duodenum and {b) <omc vanctj of the Polja 




Fig — The Palf& operation and some of its mod fieations 

* I*oIt» tso-p»Ti*tiIt»c t ia4lak»«tk»i •{ hthoOiff-rral 

loc^i < IW gur antnVw tjojwrt ii&gc. o HtynaiMi teuo-petVili i. » J-cMi 


operation where the cardiac end of the stomach is imphnteil into the 
side of the jejunum {Fig 878) WTierc possible it ls mj own custom to 
choose the Billroth I method as this approvimatcs more to the nomul 
anatomj and to use the Pol>a method where the duodenum i<steno<«l 
or widelj ulcerated or in rare cases where approximation is difficult 
The Billroth I operation — ^Thc abdomen ha\mg Ivcn explored ^nJ 
the lesion made mnnifest the great omentum and transx rr^ rolon ire 
drawn out of the wound Some surgeons remoie the grcit omtnfiim 
with the stomach as a routine In tlus ca^e it is lifted up ird the line 
of cleavage between it and the transverse colon made manifest witn a 
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few touches of the scalpel It ts then usually quite easily freed from 
the upper surface of the mesocolon Die a\ ascuhr layer forming the 
postenor layer of the lesser sac is opened and the omentum divided 
betu een ligatures at the pylonc end of the stomach and abov e at the 
Ime of gastric section Hiese ligatures control the right gastro epiploic 
artery at the pyloric end and the left gastro-epiploic artery, at the 
cardiac end My own preference is to preserve the omentum for its 



379 — BiUfoth I partial gastrectomr omenta divided 
duodenum clamped 

removal increa<ies the shock and the chances of subsequent adhesions 
and intestinal obstruction In some casts of caremoma of the greater 
curvature with many enlarged glands in this area the omentum is 
removed but in this case the operation often terminates as a Polya 
resection Wlien the omentum is left an opening is made through the 
gastro colic omentum to the lesser sac and the omentum is lifted up 
and separated from the mesocolon and divided betuecn hgatures as 
far down as the duodenum thus dividing the right gastro-epiptoic 
artery A finger is passed up behind the pylorus and through the 
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lesser omentum and the portion of lesser omentum King between tlit 
finger and the duodenum, w hich contains the p\ lone arter\ ls ligatured 
and dmded B} this means the important structures in the gastro- 
hepatic omentum are pushed to the nght out of harm’s way Tlie 
duodenum is thus freed and is dmded betw ecn tw o clamps (Fig 879 ) 
If the Fimstercr modification is adopted, the duision is made on the 
gastnc side of the pjlorus Both ends are now coaered with an 
abdominal pad The stomach is drawn down, a finger is inserted 



Fig 380 — Bdlroth I pvtixl 

The re<iuis>te portion of ftonuch his been reraored, the 
posterior 9 ero>mu 3 CuUr suture completed, and the h«mo- 
sutic suture commenced. 

behind the upper part of the lesscr omentum and the coionarv ancr> 
IS defined and divided between ligatures high up on the Ie>'icr curve, 
the ligature on the upper end being left long The stomach is therebv 
mobilized the remaining portion of the gastro-cohe omentum is now 
divnded up to the line of section of tlie stomach, thua controlling the 
left gastro-epiploic arterj The stomach is lifted up and clamped 
pro\imal to the proposed line of section and removed almut | in distal 
to this In the Schcemakcr operation a spcaal clamp is u<^ so that 
there are two lines of section meeting at an angle ; the upper u clt^-d 
and the low er alone used for the anastomosis In the Billroth I method 
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the clamps are approximated and an uid to end union is performed, 
the stitclies being best inserted in the following manner a sero 
muscular suture is pissed through«the lower borders of the duodenum 
and the greater cun ature of tlie stomach and a second similar suture 
IS passed through the upper border of the duodenum and a corres- 
ponding point on the postenor wall of the stomach Both short ends 
are damped and the needle of the first suture is again picked up, the 
posterior walls of the duodenum and stomach being united by a 
running sero muscular suture (Fig ^80 ) On reaching the upper 



3S1 — Billroth I partial gastrectomy 
The haemostatic suture is nearly completed 

border of the duodenum it is securely tied to the short end of the 
second suture A double needled suture of catgut is now passed 
through all coats of the posterior walls about the middle for half its 
distance and tied One end passes upiiaids through all coats of the 
postenor walls until the upper limit of the duodenum is reached , it 
then leases the duodenum and passes through anterior and postenor 
walls of the stomach so as to dose that portion of the stomach above 
the anastomosis with the duodenum At the le\el of the lesser curae 
it IS tied (I ig 3S1 ) The lower needle passes downwards to unite 
the postenor w alls in the low cr part , on reaching the greater cun ature 
it turns round the angle to unite the antenor w alls and on reaching the 



710 


OPERATIONS ON THE STOAIACH 

upper Iwrder of the duodenum is tied Tlie clamps are now remo\cd 
and if there is no bleeding the long end of the first sero-musailar stitdi 
IS used to embed the united walls of the stomach abo\ c the anastomosis 
wmg tied at the lesser cur\e It is then tied to the ligature left on 
coronary artery, thus co\ enng the ran area of the lesser cun ature 
The long end of the second sero-muscular stitch passes dowms ards to 
embed the united anterior walls of the stomadi and duodenum, and 
when It reaches the greater cun ature is tied to the short end of the 
first sero muscular stitch (Tig. 382 ) By tins method onl> two sero- 



Pig j82 — BiUrpU) 1 partial {faatreclDin/ 

Clamps removA and antenor 5«ro muscular suture being completed 

muscular stitches are used and one double-needled stitdi, and the 
junctions being closed with the continuous stitch, are all firm 

In the Haberer-Finne> method the cut end of the duodenum i-> 
closed and embedded, and the cut end of the stomach is implanted 
into the side of the duodenum below the closed end It ma) be found 
useful \jhen there is a chronic ulcer of the lessor curt ature combined 
with a kcond ulcer of the first part of the duodenum 

Tor ulcers situated high up on the lesser cur\ ature Paudict's modifi 
cation wiU be found verj useful The prchminarj steps are the same 
but, after the stomach has been mobilized and the duodenum divided 
thc’stomach is shut off from the abdominal cavnt> b> pad*. 
clamped just below the ulcer, and that portion of the stomach distal to 
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the clamp is removed. (Fig. 383.) Several Spencer Wells forceps are 
now applied to the cut edges, the stump of the stomach is held up, the 
clamp removed, and the cardiac end emptied with a suction-pump. 
The lesser curvature, with the ulcer, is no\\' e.xcised, and these two 



FiC> — Pauchet’s O 9 eratioiu Ttu stomach below the 
ulcer has been remored, the cardiac stump is held up by 
forceps and the line of incision of the lesser curvature with 
the ulcer Is indicated. 


edges sutured with two layers of sutures. (Fig. 381.) If the incision 
encroaches on the oesophagus the passage of a large cesophageal tube 
will facilitate the subsequent suturing. The remaining opening of the 
stomach below Utis line of suture is either united to tine duodenum in 
thq usual way or the operation is completed by the Polya method. 

In the Billroth 11 procedure the duodenal and gastric stumps were 
both closed and a gastro-cntcrostom3’ was performed between a loop 
of jejunum and the cardiac portion of the stomach, the anastomosis 
being made either ante- or rctnxolic. Personalh* I have given up this 
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operation for eitlier tlie Billroth I operation or "some \intt\ of the 
Polja method ha\e in m\ hands been more satisfactoi^ 



T f 384 — Pauchu s operat on Suture of the 
lesser curvature When th t i» fimshed the 
operat on rnaj be completed by e ther the 
□ Ilroth I Of the Polya methods 

The Pol>a operation — In the operittons coming under this group 
the cut end of the stomach rt impIinUd into the side of a loop of 
jejunum Thej showed a great advance upon the BiUroth II ojxiralion 
uliich Has the accepted operation at the time of their intr^uction 
in that as the stump of the stomach did not have to l>c closed a larger 
portion could he removed and the danger m the Billroth If method 
(that the opening for the gastro-entcro^tomv might b> divading vessels 
devataliye the tissue at the site of the closed stump) vvas abolished 
In the Polva method the first step consists of removing the great 
omentum or dividing the gastro-colic omentum in a prcciscK simihr 
manner to that emplovcd m the BiUroth I method The fir«t part of 
the duodenum is freed b> divasion of the pjlonc arterv in a similar 
manner This portion of the duodenum is now divided lictwccnchiup' 
and the distal end do ed ^fanv surgeons u c a crushing damp and 
embed the cut end around the clamp I prefer never to u t crudimg 
clamps as tlusc will tcmiK)ran!> dose all vessel and thus givx a fil'C 
sense of secuntv It is mv custom to u c a light damp with bbtl''s 
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protected VMtli rubber md to divide the duodenum suiricientl} far 
proximal to the«!e to allow the passage of a continuous through and 
through catgut suture the clamp is now slipped off and if an} small 
vessels bleed the) are picked up and tied The same catgut suture is 
now used m the reverse direction as an embedding suture passing 
onlj through the sero muscular coats and is tied at the lower margin 
with the ongmal short end thus fmall} embedding the stump This 
IS again covered hj a continuous silL suture which picks up in turn the 
edge of the gastro-colic omentum the lesser sac o\er the head of the 



Fig 365 — Polja partial gsstrectomr Duodenum divided and closed 
Sero muscular suture completed 

pancreas the lesacr omentum and the outer \tall of the duodenum, so 
that when this is tied the stump is sccurel} embedded and covered in 
peritoneum The proximal end still clamped is covered with an 
abdominal pad to prevent infection The stomach is drawn down the 
coronar> artery divided between ligatures and the great omentum 
divided up to the proposed line of section as in the liillroth I operation 
An opening now made in the mesocolon and a loop of jejunum is 
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clrwii up through it ” 111(1 clamped it the propo ed ‘iite of anistomosis 
the afferent loop passing to the le«; er curiaturc It uas formerh the 
custom to make this opening as near the ficvure is pobsihlc this 
caused tension on the afferent loop md i» the probable reason wlu 
some surgeons found tlie method unsatisfictor} The ifTtrcnt loop 
should be long enough to reach the lesser curvature with no ten ion 
It wall generally be four to five inches in length The selected loop ib 
lightls clamped in rubbcr-covertd clamps placed obliqueh wath the 
efferent loop near the handles the included portion being sufTicicnth 
long to allow an opening equal in length to the cut end of the stomacli 
The stomach is turned over to the left and also clamped with light 
rubber-covered clamps passing from the greater to the lesser curvaitua 
The clamps on the jejunum arc brought up into alignment with those 
on the stomach and the two viscera are united bv a sero muscular 
continuous suture of catgut passed as in performing gastro entcrostomv 
fTig 335) The stomach is again damped to prevent leal age and 
opened between the clamps The jejunum is also ojxmcd ITic 
posterior walls are united bv a continuous through and through catgut 
suture the antenor wall of the stomach IS then divided thedisva^ 
portion removed and the two intenor walls of ilic stomach and 
duodenum are united All these sutures arc passed in a similar manner 
to that cmplojed in performing a gastro-enlcrostomj (rigOSf} 
(hvading the stomach in this wav and sutunng the posterior walls 
before the antenor stomach wall is divided the stump of the stomach 
IS prevented from retracting and infection is minimized 

Some surgeons parti} close the end of the stomacli and onlj use the 
lower portion for the anastomosis Tins is unncccssarv Tlie rate of 
emptying is controlled by the size of the efferent loop which is alwavs 
smaller than the anastomotic opening and it therefore makes no 
difference if the opening is two or six inches m length 

\Vlien the anastomosis is completed the transverse colon is turned 
up the stump of the stomach is drawn through it and the tdgc> of the 
mesocolon arc fixed to the stomach ju t ahove the anastomosis with 
two or three catgut sutures 

In the Balfour and Aloynihan modifications a loop of jejunum is 
brought up in front of the transverse colon the afferent loop in tic 
former being united to the lesser curvature and in the latter to tlie 
greater curvature These two methods have the advantage that the 
mesocolon cannot constrict the efferent loop I have felt however 
that this loop IS more likelv to be obstructed by being kinked over the 
transverse colon and of late have more frequently reverted to the 
onginal Polya method 

In the Roux method (fig 877 e) the jejunum is divided compicfch 
across the stump of the stomach is implanted into the side of the distal 
end and the cut proximal end is implanted into the side of the di'^taJ 
end below the gastric anastomosis Tins ajH-ration has notlung to 
recommend it It should never be cmplovtd for peptic ulcers as the 
alkaline secretions of the jejunum enter below the ga-^tne anistomo^i' 
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and hence gastro-jejunal ulceration is verj' common The same is true 
of a lateral anastomosis between the afferent and efferent loops, which 
IS advocated from time to time but is almost certain to be followed by 
gastro-jejunal ulceration In fact these operations are types of the 
methods used by Mann and Williams to produce expenmental ulcers 
in animals 



Fig 3S6. — Polya paitia! gastrectomy 
The hsmostatic suture ts nearly completed 

Postoperative treatment. — Shock does not general!}' follow gastro- 
jejunostomv, though it may be present after major resections of the 
stomach It is well to administer per rectum, in such cases, a pint of 
tap-water, in which is dissolved 1 oz of glucose, \\hen the patient returns 
to bed Patients arc put in Fowler's position as soon as they have 
come round after the anasthctic, and retain this position throughout. 
It makes breathing easier and lessens the tendency to vomiting. 

The routine treatment for the first week is as follows — 

Small sips of water only are allowed by the mouth for twenty-four 
hours or for forty-eight hours after perforation or resection operations ; 
on the second da\, diluted milk, lemonade and weak tea are aUo, 
allowed in sips On the third day the quantities are increased until 
one to two ounces of fluid are taken at a time By the fifth day, a 
lightly boiled egg, Bengcr's food, jelly, custard and junket are allowed. 
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The diet is slowlj increased fish bread and butter and toast 
being given b) the ‘seventh da\ a little chicken or sweetbread ma) 
be added at the end of ten dajs For two months small meals, at 
frequent intervals should be taken and alkalis should be administered 
until the end of three months after operation 

As with all abdominal operations the bowels should be given com 
plete rest One of the surgeon s greatest difficulties is to pre\ ent the 
early administration of aperients which will probabU produce ileus 
An enema should be given on the third daj and if necessarj repeated 
on the fourth Onlj after an action is obtained should a mild aperient 
be given 

In the earh stages pain maj be combated bv morphia 

After operation no heavy muscular work or exercise should be 
allowed for at least three months 

Posfoperatne complications — ^Thes.e may be divided into immediate 
and late The former consist of h'emorrhage acute dilatation of the 
stomach and regurgitant \omiting thelatter of gastro jejunal (peptic) 
ulcer and obstruction of or around the anastomosis or intussusception 
of the anastomosis into the stomach 

Hasmorrhage is due to failure to control all the bleeding points at 
the stoma by the continuous through and through (innermost) suture 
To prevent this complication many methods of applying the suture 
have been suggested the usual one being some form of mattress 
suture The more complicated this suture is and the more knots it 
contains the more risk there is of^ gistro jejunal ulcer A simple 
runmng suture if proper!; applied is sufficient but the greatest care 
must be taken that each stitch falls exactlv perpendicular to the line 
of suture and is pulled tight and yet not too tight The bites of the 
stitch should be not more than ^ in apart It is the application of this , 
suture which determines success or failure 

If hiemorrhage persists there is no method which can be relied upon 
to control it short of re opening the abdomen Fortunately in the 
great majontj of coses the hxmorrhage ceases spontaneous!}^ Of the 
drugs used adrenaline (1 drachm of 1 m 1 000 in an equal quantit} 
of water repeated hourly for six dch>es notlung else being gi\en b; 
mouth during this penod) is often efficacious but no direct application 
of a styptic can be of \ alue if the stomach is full of clot so the stomach 
must be washed out as a first step Probably the best treatment is to 
relieve the patient s anxiet; and restlessness b} a liyTiodermic injection 
of morphia which is often followed b} cessation of the bleeding If 
however the bleeding continues so that life is threatened the abdomen 
must be re-opened an incision made in the antenor w all of the stomach 
the stoma exposed and the bleeding point secured with a catgut 
stitch 

Acute dilatation of the stomach — This, complication which mav 
follow an} operation under a general anresthetic and has been reported 
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m cases of grave illness eg tv^phoid fever ma\ even occur after the 
formation of a free gastro enterostomy opening 

During the course of the operation or vvithin the first twelve hours 
afterwards the stomach becomes suddenly dilated generally with gas 
only sometimes with gas and a greyish or dirty brovyn fluid The 
patient becomes seriously ill as if poisoned the heart s action is 
embarrassed by the enormously dilated stomach and death will ensue 
if successful treatment is not adopted The cause is still uncertain 
The first serious attempt to explain it was by AUbrecht his theory 
that it was due to occlusion of the duodenum by the superior mesentenc 
artery as a result of the pull of the small intestines had many adherents 
and was favoured by the success of postural treatment as suggested 
by Schmtzler* but as the condition can occur m spite of the presence 
of the wide stoma of a gastro enterostomy and has often been noted 
without any duodenal dilatation and as the method of treatrficnt by 
gastric lavage (which could have no effect on the pull of the small 
intestines) is successful in the great majority of cases AUbrecht s 
theory is not widely held at the present day It is now generally 
believed that the condition is one of paralysis of the gastric wall m 
every way analogous with ileus paralyticus with which indeed it may 
be associated 

Treaimenl consists m passing the stomach tube evacuating the 
stomach contents and washing out with bicarbonate of soda solution 
or saline Relief can sometimes be obtained by turning the patient 
on his face but lavage is simple safe and effectual As a rule the 
passage of the tube gives exit to a quantity of gas and fluid contents 
with dramatic result 

Regurgitant vomiting is the result of an obstruction high up in the 
jejunum and rhay be due to gross errors m the operative technique 
such as the formation of too small a junction especially if combined 
with a long afferent loop so that kinking occurs axial rotation and 
obstruction of the efferent loop too high an opening or union of 
tlie anterior and postenor walls of the opening Such errors are rare 
to day the few cases that are seen being usually due to constnction 
of the efferent loop by the mesocolon which in the first few days lias 

<ac latec fvhcQJis. Tlvt crim.plv::at.vcwx caa gtitwicaLly 
be avoided by sutunng the edges of the opening not to the line of 
the anastomosis but to the stomach wall about | in away from the 
anastomosis \\ith a fat laden mesocolon the danger is increased 
owing to the width of the cut edge If appeanng within a few days 
of operation the symptoms will often disappear with lavage but if 
they appear about the 10th day thev will probably be due to fibrosis 
and a further operation will probably be required As a rule when 
the abdomen is re opened and the parts ire examined tlie cause of 
the condition is not clear except that there is some obstruction about 
the site of the gastro-enterostomy Tlie best wiv to deal with the 
trouble is to make an entero anastomosis between tlie proximal ind 
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distal loops of the gastro enterostomy by the Fimie\ method This 
should be earned out by direct suture an opening of about an inch 
and a half w ill suffice A lateral umon below the anastomosis should 
never be used as it increases the subsequent liability to marginal 
ulceration 

Late complications Gastro jejunal ulcer — ^This ulcer occurs at or 
near the suture line and ma\ give nse to symptoms very shortly 
after the operation Vany bebeve that no symptom^ may anse until 
years after but prolonged expenence in a folloyy up department has 
convinced me that these patients very rarely make the complete 
recovery expected at the operation While it pnmanly depends on 
a high acidity there is some evndence that its frequency is increased 
by faulty techmque In many of these ulcers a non absorbable 
suture has been found hanging and it seems an obyious precaution 
to use an absorbable suture for this layer Failure of mucosal appo- 
sition at the line of junction or hamorrhage beneath the mucosa 
seem to play a part faults which can only be avoided by meticuloua 
care m suturing The treatment is considered on p 7SI 

Obstruction of or around the anastomosis — ^The most common caUsC 
of such obstruction is stenosis following a gastro-jejunal ulcer In 
rare cases late obstruction may be due to a herniated loop of intcatmc 
passing beneath the anastomosis or through tlie opening of the meao 
colon Both these complications should be prevented by correct 
operative technique Afore rarely still a retrograde intussusception 
of the intestine may occur through the stoma into the stomach Such 
a condition mil give nse to symptoms of acute obstruction high up 
and will necessitate prompt operative interference 

Complications of Peptic Ulcer-vtion 

Perforation — Perforation of a peptic ulcer is a complication which 
is almost inevitably fatal unless an operation be performed The 
results depend directly upon the mterval between the perforation and 
the operation Therefore the diagnosis having been made steps 
must be taken for operation at the earliest possible moment and m 
no case must it be deferred until pentomtis has occurred 

Nothing may be given bv mouth no attempt at stomach lavage is 
perrmssiWe but a sufficient dose — at least gr J — of Ttioiphia w\th 
atropine gr or omnopon gr \ should be administered as soon 
as an operation has been deaded upon especially if the patient has 
to be transported to hospital or nursmg home The Fowler position 
should be adopted or at least the head of the bed should be raised 
and this position should be mamtained until the patient la on the 
operating table The skin of the abdomen should not be prepared 
unt 1 he 15 on the table 

Operative technique — Open ether or gas and oxygen will usually ne 
found the most satisfactory anaesthetic A small suprapubic int^ion 
should be made The diagnosis is confirmed from the nature of the 
exudate and a tube is inserted down to the bottom of the pelvTs o 
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allow the /luid to dram awa\ dunng the operation An upper nglit 
paramedian incision is now made The p 2 rforation is as a rule casiU 
found on the anterior surface of the stomach or duodenum If not 
seen m this position the lesser sac must be opened bj an incision in 
the gastro-colic omentum and search made for the perforation of a 
posterior ulcer The opening having been located it must be closed 
b} mattress sutures of catgut passed sufficiently far from the opening 
to enter healthy tissue ^^hen these are tied the whole ulcer and 
perforation are embedded (Fig 387 ) If the suture be passed 
sufficiently far from the perforation to enter health\ tissue no other 
measure is ever necessary for a simple ulcer 



Fig 387 —Method of sutunng a perforated gastne ulcer 

The next question tliat will ame is whether a gastro-enterostomy 
should be performed In large part this will depend upon the ex 
pencncc of the surgeon and the time lie is hkeU to occupy m carry mg 
out this step The majority of these ulcers are chronic and if simple 
suture alone is performed a subsequent operation may be necessary 
In my own senes 50 coses ha\c been referred to me for gastro 
enterostomy after simple suture elsewhere The performance of the 
anastomosis at the time not only increases the likelihood of a ptr 
manent cure but lessens the probability of gastric distension dunng 
coni alescence If the ulcer be near the p\ lorus the embedding suture 
may cau«e stenosis On the other hand the first duty of the surgeon 
IS to save the patients life and a gastro-enterostomy even m the 
hands of the most skilful will occupv at least another ten minutes 
and the operative manipulations will increase the tendency to spread 
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infection For these reasons man> surgeoni. advise onl\ a simple 
suture in everj case The strongest advocate of immediate gastro 
enterostomj was Deaver who considered it essential and published* a 
list of 5G cases with 2 deaths and 54 consecutive recovenes 
Aly own views are that if the patient is extremely lU the perforation 
has been of long standing or there is a great deal of extravasation 
simple suture should alone be performed but it is ver> probable that 
subsequent operative measures will be required for the treatment of 
a persistent chronic ulcer If the condition of the patient is relatively 
good the gastro-enterostom> should be performed immediately after 
suture of the perforation But m any event at the conclusion of the 
operation the tube which has been inserted through the suprapubic 
incision in the pelvis should always be left in place and if there is 
but little discharge maj be removed m two da^s If there has been 
much exudate a second tube may be requmed down to the perforation 
but this IS as a rule unnecessary b,o other steps should be taken 
to cleanse the peritoneum The wounds are closed in the usual way 
but two or three tension sutures of through and through silkworm gut 
are used in the paramedian incision 
Of late many surgeons have been advocating excision and even 
partial gastrectomy in early cases and several senes of very successful 
results have been published In this country it is usually felt that 
such methods are too severe for so grave an emergency 
The patient should always be nursed in the Fowler s position 
After the operation sips of water alone should be given by mouth 
for twenty four hours If the patient is dehydrated rectal glucose 
1 ounce and water 1 pint should be admimsteied In very sev ere 
cases intravenous saline may be required After twenty four hours 
the ordmary treatment for all gastnc lesions may be gradually m 
stituted the patient being kept m Fowler s position for ten days 
Complications — ^The most frequent compbcation u. subdiaphrag 
matic abscess which may occur in any of the six subdiaphragmatic 
spaces but generally arises in the left or right antenor intrapentoneal 
space 

Shock pentomtis and ileus are all more common than with other 
gastric lesions owing to the infection probably for the same re^on 
pulmonary complications are not infrequent 
Results — In perforated gastnc or duodenal ulcer the result depends 
mainly on the delay between perforation and operation The mor 
tality has decreased considerably since Mayo Robson published his 
183 cases with a death rate of 28 5 per cent for cases operated upon 
in the first twelve hours C3 6 per cent for those in the second twelve 
hours and 87 5 per cent for those m the third twelve hours In my 
ovvTi senes of 74 cases the total mortality was 29 7 per cent but m 
the 35 cases operated upon within twelve hours of the perforation it 
was only 8 5 per cent In 1931 Grey Turner published a remarkable 
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senes of 365 c-ises with an over all mortality of just over 15 per cent 
In 267 of the cases intervention took place within 13 hours and the 
mortality was h 01 per cent (Murphy Oration) In a further sene', 
representing, the work of four Newcastle surgeons which Grey Turner 
brought forward at a meeting of the Surgical Section of the Royal 
Society of Medicine in 1937 there were 450 cases operated upon 
within twelve hours with a mortality of 9 5o per cent and of these 
247 were operated upon within six houre with a mortality of 4 4 per 
cent Hughes in 1930 reported a senes of 101 cases nearly all treated 
by simple suture with a total mortality of just under 12 per cent 
The death rate as showm by the published statistics indicates little 
variation with the method used In Scotson s senes * it was 13 per 
cent in 107 cases of simple “suture and 8 3 per cent m 24 cases of 
gastro enterostomy In Semb s senes of 1 60 cases t the total mortality 
was 16 7 per cent although nearly all were treated by suture and 
gastro enterostomy and he found that 75 per cent were permanently 
cured Judin of Moscow^ has published a remarkable series of 418 
cases with a total mortality of 12 8 per cent Of these 168 were 
treated by partial gastrectomy with a mortality of only 5 9 per cent 
but the time which elapsed between perforation and operation is 
not stated 

There has been considerable discussion about the end results 
Some surgeons believe that after recovery from simple suture symptoms 
will not recur My own close follow up of cases does not confirm this 
statement Paterson says that 23 per cent of cases relapsed within 
a y ear \\ illiams and Walsh m 1930 found that in a senes of 08 cases 
over 50 per cent required subsequent operation As already men 
tioned 50 patients have been referred to me for further operation 
after simple suture for perforation performed elsewhere 

Hsmorrhage — There is perhaps no comphcation of peptic ulceration 
in which It is so difficult to determine whether an operation should 
be performed If the patient be left the hemorrhage may ibate and 
the patient recover but on the other hand it may continue or be 
repeated and the patient die If the hiemorrhage his been at all 
severe the patient is always a bad surgical nsk and the operation may 
prove fatal, but if the condition be left alone the danger of operation 
may be mcreased by further hxmorrhage Of recent years an acute 
controversy has taken phee between those vvho believe in immediate 
operation for all cases and tho»e vvho advocate that the patient be 
treated medically until the icote stage is over Here again statistics 
ire of very little value for in those lists which are published to sliow 
the efficacy of medical treatment the ma)ority of minor degrees of 
hxmorrhage are included whereas those v\ho advocate immediate 
surgical interference have as a rule only come in contact with very 
severe examples among which there is a high mortality In this 
country figures hav e been published by Gordon Tay lor strongly 
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supporting the Mew that e\eiy case should be operated upon m the 
earlier stages but to this \ lew the majority of physicians and surreons 
are opposed 

Mj own expenence has been that recover> usuall} follows if the 
patients are kept absolutely quiet m bed with little or no food by 
mouth morphia bemg admmistered hypodermically and suprarenal 
extract orally "^fy custom has been to reserve operative interference 
for those cases where a hiemorrhage has been repeated in spite of 
medical treatment and where the patient is mamfestly going downhill 
In such instances a blood transfusion should be given immediately 
before the operation and a donor should be at hand so that this can 
be repeated immediately after the operation For hjemorrhage in 
cases of acute erosion nearly all physicians and surgeons are averse 
from any operatu e treatment for it is manifest that smce the erosions 
are often multiple and giv e nse to no thickemng of the stomach wall 
It may be impossible at operation to determine the site of ongin of 
the hiemorrhage and that any operation undertaken must be indirect 
Ne\ ertheless I am of the opinion that certain cases may be sa\ ed by 
occlusion of the pylorus and gastro-enterostomy Here again an 
operation should only be undertaken if the Inemorrhage be repeated 
and if it be the firm opinion of a competent physician that the condition 
would be fatal if left It must be clearly understood however that 
the diagnosis betw een hsmorrhage of this type and that arising from 
chronic ulceration ought not to present any gross difficulties and no 
surgeon should operate upon one of these acute ulcers with the idea 
of findmg a definite lesion and if he does not do so of closmg the 
abdomen He should only operate if he is of the opimon that a 
gastro-enterostomy with temporary occlusion of the pylorus will 
control the loss of blood In these cases also the operation should 
be preceded by a blood transfusion 

OperatiTC technique — ^Tfae abdomen should be opened by a nght 
paramedian incision If the operation be for an acute erosion the 
pylorus should be immediately embedded with a nmmng mattress 
suture and a posterior gastro-enterostomy performed In chrome 
ulceration the operative technique is more difficult It has been my 
expenence that in the majonty of cases of duodenal ulcer a running 
mattress suture of silk used as for temporary occlusion can be so 
placed that the antenor wall of the duodenum is folded up and firmlv 
compressed upon the ulcer the lumen of the duodenum being entirely 
obhterated A posterior gastro-enterostomy is then performed 
There are howev er certain cases m which there is so much induration 
around the ulcer that more than half of the circumference of the wall 
IS ngid and fixed and thus cannot be infolded In such cases many 
different procedures hav e been undertaken to control the hiemorrbage 
but any form of hgatuxe of the gastro-duodenal arteiy is as a rule 
unsatisfactory I believe that the only certain treatment is to open 
the duodenum underpm the bleedmg vessels and suture the ulcer 
crater together with mtemipted catgut sutures In sutonng tne 
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antenor wall of the duodenum this should be embedded as far as 
possible so as to occlude the lumen, and a gastro-enterostomy should 
then be performed Some surgeons advocate partial gastrectomy or 
duodenectomy, but my own e\perience lias been that such procedures 
are too extensive for patients who have had severe hemorrhage 

With a gastnc ulcer there is equal difficulty Many have attempted 
to control the haemorrhage by Iigatunng the coronary arcli of vessels 
or the large branches going to the site of the ulcer The anastomosis, 
however, is usually so complete that such methods vi lU probably fail 
Openmg the stomach and picking up the vessel in the base of the 
ulcer, with subsequent suture of the ulcer crater is probably the best 
treatment for very large and adherent ulcers where any more radical 
procedure would be fraught with considerable danger I or the smaller 
or more mobile ulcers, mv own custom has always been either to 
excise the ulcer or to perform a partial gastrectomy immediately 
proximal to it In fact, the procedures earned out in these cases 
have been almost identical with those for non bleeding ulcers These 
more radical forms of treatment arc the only on?s which hold out any 
hope of success, and it is because they are all severe and likely to add 
to the risk to life that my usual custom is to treat these cases medically 
until they are recovered from their hscraonrhage Every case, howev er, 
must be treated on its own ments and if it is felt that the patient 
has a good chance of recovery medical treatment should certainly be 
instituted If. however, medical treatment has failed and the h®mor- 
rhage has been repeated, operation should be undertaken as oflermg 
the patient the only chance 

Hour-glass Stomach 

Hour glass stomach is a complication which is found wath ulceration 
of the lesser curvature It is almost entirely limited to women , in 
my ovm series of 90 cases only one was a male In rather o\ er 20 per 
cent of the cases it is associated with duodenal ulcer, and in nearly 
60 per cent of the cases the patients have a general visceroptosis 

Indications for operation. — The hour-glass constnction maj only 
be of a mild degree and only evident on X-ray investigation In 
such cases the problem in no way differs from that of the treatment 
of lesser curve ulcer If, however, the isthmus is narrow, an operation 
wall almost certainly be required, and this is especially true if there 
are clinical evidences of obstruction In such cases it used to be the 
custom to direct efforts to the cure of the obstruction, but it must 
always be remembered that the underlying factor is the presence of 
an ulcer and, although it may not at the time of the operation be 
manifestly active, any short arcuit around tlie isthmus or phstic 
operation to overcome the narrowing is almost certain to be follow c<l 
by a recrudescence of the ulcer , the same applies to gaslrcwjnterostomy 
proximal to the ulcer 

Operative technique. — ^The stomacli liaving been exi>osed m the 
usual manner, the treatment of the isthmus and the ulcer will dcjicnd 
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Upon the amount of narrowing The majontj of surgeons perform a 
partial gastrectomy but in certain cases the isthmus maj be situated 
high up in the stomach and thus necessitate the removal of a large 
portion in order to emdicite an ulcer which mav be less than J in in 
diameter It is my own custom therefore if the isthmus insufficiently 
wide to perform a wedge resection the limbs of the V runmng very 
obliquely so that when the opening is sutured the narrowing is entirely 
overcome The pjlorus is then occluded with a running mattress 
Bilk suture and a posterior gastro enterostomy is performed lying in 
the isthmus below the line of resection and parallel with the greater 
curvature If possible it should be postenor but if a wider portion 
of the postenor wall has had to be excised it can equally well be made 
anterior This operation is less severe than a partial gastrectomy 
removes less of the healthy stomach and gives very satisfactory 
results In my own senes 31 cases were treated by this method with 
two deaths and one recurrence after several years If the isthmus is 
so narrow that insufficient normal tissue can be left for the gastro 
enterostomy a partial gastrectomy must of necessity be performed 
It IS an operation of greater seventy for very often these patients 
are wasted and in poor condition In my owm senes 65 were treated 
by this method sl\ died and one probably ow^^g to the extent of 
the removal developed a profound anxsnua after severalyears When 
the stomach is being resected the anastomosis can be completed by 
any of the methods which are most convenient If the duodenum 
IS widely stenosed or approximation is difficult a Polya anastomosis 
should be performed but in the majonty the Billroth 1 union is 
preferable for it has a slightly lower mortality and gives satisfactory 
end results 

DUODENAL ILEUS 

An acute dilatation of the duodenum may be found in postoperativ e 
conditions associated with acute dilatation of the stomach In fact 
as a general rule m such cases the whole of the intestinal tract is 
affected Apart from these a chronic dilatation and hypertrophy is 
sometimes seen Rarely the distension is enormous and may be 
regarded as similar in its aetiology to Hirschsprung s disease Such 
a contlal'ian is usta’iy gKarA i'lW/terfirai tccwA. 

years the work of Wilkie has directed attention to a lesser degree of 
dilatation which he calls chronic duodenal ileus In this there is a 
dilatation of the duodenum often assoaated with discomfort and 
vomiting Wilkie has found this condition "assoanted with duodenal 
ulcer or gciU stones and believes that it is due to an obstruction at 
the hne of crossmg of the supenor mesenteric artery In my own 
experience this condition has been less common and has generally 
been found in female subjects affected wath visceroptosis My own 
view IS that in the majority the condition is atonic and little or no 
benefit is likely to follow an anastomosis In some c^es however 
the condition is definitely obstructive and is associated with hyper 
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trophy of the duodenal wall , m the^e cases alone is an operation 
likely to give relief Careful medical treatment should first of all be 
instituted and this more especially if the patient has visceroptosis 
and the symptoms are increased by exercise In such cases massage, 
.rest and an abdominal belt may bnng about relief If however, the 
symptoms persist, and more especially if there is frequent vomiting, 
operation may be undertaken It should also be earned out if there 
IS any indication of the presence of a duodenal ulcer or gall stones 
If there is an ulcer a gistro enterostomy is indicated, as the treatment 
of the ulcer will usually bnng about a cure but if there is no ulceration 
a duodeno jejunostomy will usually be the most satisfactory procedure 
Operative technique. — The usual incision is made and the abdomen 
most carefully investigated for other lesions If the dilatation ends 



Fig 388 — Duodeno jejunostoraj duodenum and jejunum clamped 


abruptly at the level of the mesenteric artery the condition is more 
likely to be cured b} operation, and this is also so if the muscular 
wall of the duodenum is hypertrophied If, on the other hand the 
dilatation tapers off into the jejunum .ind there is no definite evidence 
o1 mecYnmea^ obstraction, the itstffts are Yess VikcYy to be satisfactory 
The transverse colon being lifted upwards so as to expose the postenor 
surface of the mesocolon, the third part of the duodenum can be seen 
through the pentoncum running to the root of the mesentery and 
if it IS distended will form a very definite prominence An opening 
IS made m the mesocolon to the left of the ascending branch of the nght 
colic artery’ which runs up to anastomose wath the middle colic artery 
Care must be taken to avoid this vessel and the superior mesenteric 
vessels which he to the left The third part of the duodenum is 
drawn through the opening m the mesocolon and if sufiiciently en- 
larged, a small clamp may be applied m the long axis of the got 
A loop of jejunum of a corresponding size and as near to the flexure 
as possible without causing tension i-» also clamped (Fig 388 ) 
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An anastomosis is then performed in a manner precisely similar to 
that used m a gastro-enterostomy, two layers of catgut suture bemg 
emplojed If the duodenum is insufficiently dilated to allow the 
application of a clamp, it is fixed at either end to the jejunum with 
sero-muscular sutures and sutured m the usual way In such cases 
It is better to empty the stomach with a stomach tube before pro-’ 
ceeding with the anastomosis The opening in the mesocolon is 
sutured to the duodenum abo\e the anastomosis with a few catgut 
stitches and the abdomen is closed m the usual way The after- 
treatment will be identical wnth that for gastro-enterostomy 

The results of operation depend upon the careful choice of cases 
Wilkie was \eiy satisfied with his results and nsed to say '' I know 
of no other abdominal operation followed by so smooth a course ' 
Other observers have not been so satisfied In my own e\penence. 
if there is definite evidence of obstruction the symptoms entirely 
disappear after the operation, but when there is reason to beheve 
that the condition is atonic, the results are not nearly so good, as 
discomfort and vomiting persist 

CARCINOMA OF THE DUODENO-JEJUNAL FLEXURE 

Rarely, a carcinoma may occur m this part of the intestine It is 
slowly progressive and vv^^ give nse to symptoms similar to those of 
pylonc obstruction but the vomited matenal will often contain bile 
TTie dilatation and hypertrophy of the duodenum may' be enormous, 
and generally extend sufficiently far upwards to involve the stomach 
An Xray, however, usually reveals the dilated duodenum and the 
site of the obstruction At operation the dilatation is manifest and 
the tumour may be palpable In two such cases I have been able 
to free the flexure suffiaentiy to resect the tumour and to perform 
an end to end anastomosis In others the growth is more adlierent and 
the resection becomes a prolonged and difficult operation of consider- 
able nsk If the growth is adherent or its removal would be too 
hazardous a duodeno-jejunostomy should be performed, and is 
earned out on precisely similar hnes to that used for duodenal ileus 

GASTRIC AND DUODENAL DIVERTICULA 

Duodenvl Diverticula 

Diverticula of the duodenum have been often recognized of recent 
years Spnggs and ‘Marxer, m a routine examination of a thousand 
patients, found them in 88 instances, the lesion being as common in 
men as m women In many cases no symptoms may' be produced 
and the condition is only discovered accidentally on an X-ray examina- 
tion for some other lesion In others, however, it may give nse to 
symptoms somewhat similar to those of a duodenal ulcer, that is, 
they appear late after food are relieved by food and often occur at 
night As a rule, however, m uncomplicated cases there is no severe 
pam but only a feehng of distention and fullness In other examples 
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the symptoms may be identical with those of duodenal ulcer and the 
condition be associated with ulceration cither in the pouch itself or 
in the first part of the duodenum Nbt uncommonly there is then a 
visible loss of blood or occult lucmorrhage The diverticula are much 
more common m the second ^lart of the duodenum In my own 
series of 17 cases only 2 were m the third part They may be situated 
on the outer, the postenor or the inner wall, in the last position 
burrowing into the head of the pancreas When on the outer wall 
they may he flat on the surface of the duodenum and when covered 
by the peritoneum may be difficult to discover In all cases the 
wall IS very thin, so that no muscular coat is as a rule visible to the 
naked eye 

Indications for operation. — In cases only found accidentally it is 
manifest that no surgical interference is indicated There is on the 
other hand, no doubt that if left these diverticula do tend to increase 
in size If the patient has only mild symptoms of distention and 
discomfort, attempts may be made to reduce them by medical means* 
but the results are not very satisfactory Spnggs advises that medical 
treatment should alwajs be tried before operation The patient is 
carefully dieted and attempts made to dram the pouch bj posture, 
and liquid paraffin is given as a lubneant If the s} mptoms persist 
in spite of medical treatment and cause inconvenience or if they are 
associated with repeated attacks of haemorrhage operation should 
be undertaken 

Operative technique. — Access is by the usual upper right paramedian 
incision After evamination of the rest of the abdomen, the hepatic 
flexure is pulled downwards and to the left, and the outer wall of the 
duodenum is carefully explored Nearly alwajs it will be found 
necessary to divide the outer layer of peritoneum and so mobilize the 
duodenum In several of my cases a pouch was found collapsed 
lying flat on the duodenal wall but was not visible before the peri- 
toneum was divided A careful senes of X rays beforehand will deter- 
mine the site of the pouch, and they should be before the surgeon' 
during the operative procedures if it is situated externally, two 
Spencer Wells forceps should be applied to its base and the pouch 
removed The opening is then carefully sutured with a through and 
through suture, care being taken to see that this passes through the 
muscular coat of the normal duodenum This suture line is then 
embedded by a second scro muscular suture A careful investigation 
should be made for a duodenal ulcer, and if tins be found it must bo 
treated by whatever method appears to be indicated If, after 
division of the outer leaf of the pentoneum. no diverticulum is 
discovered, an opening should be made in the antenor wall of the 
duodenum opposite the site of the pouch, as shown in the X rays, and 
a finger should be inserted , the opemng of the div erticulum is usually 
then manifest Those on the inner side which burrow into the 
pancreas used to give nsc to the greatest difficulty , a dissection through 
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the pancreas being often prolonged and associated with a high 
mortality. N. J. ^^aclea^* has, however, devised an ingenious 
method w'hich does away with most of the operative difficulties. The 
finger which has been entered through the duodenum passes into the 
pouch and pushes it upwards towards the anterior surface of the 
pancreas. The peritoneum over the pancreas and over the pouch is 
divided with a slight touch of a scalpel and, with careful stripping by 
a pair of forceps, the pouch with the surgeon's finger within it can 
usually be pushed out until it is quite free of the pancreas. It is then 
seized at the base with small Spencer ^VelIs forceps, cut off and the 
opening sutured and embedded in the usual way. The pancreas is 
united with one or two catgut stitches and the opening in the duodenum 
is closed \vith two layers of continuous suture. 

Results of operation. — The operative technique itself is relatively 
simple but many of these patients are poor subjects, old and fragile, 
in whom any operation is a bad risk, so that the operation has a higher 
'mortality than would be expected. If, ho'wever, the patients are 
carefully prepared with a relatively prolonged rest beforehand, and 
the stomach and duodenum have been washed out, verj* satisfactorj' 
results will follow, the patients being entirely relieved. 

Gastric Diverticula 

Diverticula of the stomach are much less common than those of 
the duodenum. Whereas in my owm series there were 17 cases of 
duodenal diverticula necessitating operation, there have been only 
three cases of gastric diverticula, although there ha\'e been several 
others in which an operation was not ad\ised. These diverticula are 
often mistaken for penetrating ulcers of the lesser curvature. They 
are usually situated high up on the lesser curvature in close proximity 
to the opening of the ojsophagus, and in my own e.\perience have 
generally been on the posterior surface. They burrow’ backwvards into 
the tissue above the t£u] of the pancreas and are usually ver>' adherent. 
Because of the inaccessible position and the firm adhesions, operation 
for their removal is alwaj’s a very serious and hazardous procedure. 
Their general pathologic^ characteristics are identical with those of 
dLverturula. at the djiadeiumt, and the fact that they process in size 
and that their w’alls become thin and attenuated suggests that they 
are acquired. The sjTnptoms are verj’ similar to those of a gastric 
ulcer but, here again, instead of acute pain there is often only a feeling 
of distention and fullness after me^ which ma}’ be relieved by 
vomiting. Hfemorrhage may occasionally occur owing to ulceration. 
Indications for operation. — ^All these cases should be given ven' 
careful medical treatment before any operation is contemplated. In 
my own experience they are generally women who are bad operative 
risks : either thin and fragile or short and stout, and the operation 
has been one of verj’ great difficulty. Hence it should onl>’ be under- 
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taken if the symptoms are very severe, if the pouch has shoi^-n a rapid 
increase in size on X-ray investigation, if there is a fear of perforation 
or if there have been frequent attacks of hamorrhage 

Operative technique. — The abdomen having been opened and 
explored, the stomach is carefully examined for an\ ulceration 
Usually little or nothing abnormal is found on surface examination 
but, on opening the lesser sac, the postenor wall of the stomach ina\ 
be found firmly adherent dose up to the oesophagus and near the lesser 
curvature Access to the pouch can sometimes be more readily 
gained through the gastro-cohe omentum and at other times through 
the lesser omentum If it can be reached in this way the adhesions 
around should be carefully dissected off until the pouch is free This 
may be very difficult, and in one of my cases could only be accomplished 
by opening the antenor wall of the stomach and inserting a finger 
into the diverticulum Wffien free it should be picked up at the base, 
excised and the opening closed as with duodenal diverticula If there 
IS any concomitant lesion, such as ulceration, at the lesser curvature 
this IS treated at the same time 
Results of operation.— These will depend almost entirely on the 
position of the pouch If it is low down or on the antenor wall and 
easily accessible the operation is one of ease and little or no disturbance 
will be caused If, however it is high up on the postenor wall the 
manipulation necessary for its dissection will be very considerable, 
and m these cases operation is associated witli considerable nsk 
Hence the operation is a grave and senous procedure and should only 
be undertaken if the symptoms* arc very distressing or there are 
severe complications 

GASTRIC AND DUODENAL FISTULA 
Internal fistula may occur between the stomach and the colon, 
usually' as the result of marginal ulceration after gastro-entcrostomy 
{See p 781) They are also sometimes seen with carcinoma of the 
stomach, m which case the growth is usually too far advanced for 
surgical treatment Similar fistulaj may occur between the duodenum 
and gall-bladder in cases of gall stones or carcinoma 

External fistulT arc usually the result of injury produced at operation 
or the sequel of ruptured ulcer Tliey may occur from the closed stump 
of the duodenum after partial gastrectomy — it was the presence of such 
a complication that caused me to abandon the insertion of radium after 
partial gastrectomy for carcinoma— or from the line of union after a 
Billroth I type of gastrectomy They have aUo been known to occur 
after right nephrectomy from injury to, or inflammation of. the 
posterior wall of the duodenum 

With the leakage of gastnc or duodenal contents the tissues of the 
abdominal wall are digested, and surgical interference becomes, a 
difficult and senous procedure Tortunatcly manv of these cases do 
well with the application to the wound of continuous suction which 
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remo\es the secretions before the\ can digest the tissues of the abdo 
nunal w-all This method should al»a\» be tned before operation , 
most fistulas from a closed duodenal stump ^\ill dose Fistuhe occur 
ring after anastomosis of the stomach and duodenum are much more 
senous and are u^uall^ fataL In such cases a gastro-enterostoraj ma^ 
be performed but must alwavs be combmed with some form of pj lone 
ocdusion For fistulas after nephrectom\, which persist m spite of 
suction, the abdomen should be opened b} a right paramedian incision, 
the peritoneum on the outer side of the duodenum incised and the 
duodenum carefuhj dissected from the adherent tissues behind it and 
turned inwards Wlien the openmg in the posterior wall has been 
completeh freed it should be closed with two lasers of sutures and 
separated from the mfiamed tissues bdiind it bj the interposition of 
a pad of omentum 

PYLORIC STENOSIS 

The common causes of pjlonc stenosis are congemtal hj'pertrophv 
m mfants •^mng from peptic ulceration and neoplasms The 
surgical treatment of these conditions u considered under the appro- 
priate headings Rarelj pengastnc changes ma^ cause an obstruction 
of the pj lorus or first part of the duodenum , the commonest of these 
lesions are mfiammatorj or neoplastic changes m the gall bladder or 
m the head of the pancreas If the underlying cause cannot be 
remo\ed the obstruction is best overcome by a posterior gastro 
enterostomy 

In addition to these well recogmzed changes two other conditions 
haNe been described m the adult obstruction from muscular hyTier 
trophy and from simple fibre is There is no doubt that the first 
condition does occur but it is rare In my own senes of 2 655 gastnc 
oj>erations there ha\e been 7 m which there was defimte obstruction 
with characteristic symptoms and dilatation of the stomach with 
hypertrophy of its muscular wall At operation the pylonc canal \'ras 
much narrowed owing to a gross hypertrophy of the circular muscle 
Similar cases ha\e been desenbed b\ Russell Mavlard, Bailey and 
McClure There is however, some divergence of opmion as to the 
cause Many beheve that the hypertroph\ is due to spasm for ut 
many cases it is associated with ulceration of the stomadi My ovra 
bebef is that it is an example of a minor degree of congenital byp^r 
trophic stenosis persistmg to adult life for the pathological picture is 
identical with that found m mfants and in my evpenence there is no 
evidence that spasm ever causes hypertrophy of ravoluntarv muscle 
(e g cardiospasm and Hirschsprung s disease) Of the presence of 
simple fibrosis there is less evidence Cises have been desenbed by 
Mav lard w here thei'e was extreme narrowing with no muscular thicken 
mg and no visible scarring but the only cases I have met m my senes 
have been transient and mamfestlv due to a temporarv spasm 

With any form of pvlonc obstruction m the adnlt operation should 
not be long postponed The lesion is mechamcal and can onlv be 
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cured by mechanical means The symptoms nny be relic\c(l by 
stomach washes but the relief is only temporary and the underlying 
condition may be carcinomatous and may progress to an inoperable 
sta^e In the case of muscular hypertrophy the operative procedure 
will depend upon its degree 

Access IS best gained by a right paramedian incision and the rest 
of the abdomen is carefully explored special attention being given to 
eliminate associated ulcer of the lesser curvature of the stomach If 
the hypertrophy is slight very satisfactory results follow pj loroplasty 
In two of my own cases this was performed by the Heineke Mikulicz 
method with complete satisfaction It allows exploration of the 
interior of the duodenum for ulceration and gives a free passage from 
the stomach to the duodenum If the muscular hypertrophy be 
greater it is not so satisfactory as the thickened muscle docs not allow 
good transverse suturing even if a portion be removed If the 
diagnosis be certain complete relief may be obtained by posterior 
gastroenterostomy as m one of my owm senes Often however the 
hypertrophy :s so great that the nature of the lesion may not be 
CMdent and the condition may be mistaken for a sarcoma or even for 
a carcinoma of the pylorus In this case a partial gastrectomy will be 
performed this was the operation selected m four of my cases Tlie 
anastomosis may be completed cither by the Billroth I or the Polya 
methods 

GASTRO-JCJUNAL ULCPRATION 

Gastro jejunal or marginal ulceration is a characteristic peptic ulcer 
at the site of anastomosis It most frequently occurs after gastro 
enterostomy It is said to be more common after the an tenor operation 
and less frequent after partial gastrectomy In my total senes of 128 
cases 109 occurred alter postenor gastro-enlcrostomy C after the 
antenor operation 6 after partial gastrectomj^ and 7 were recurrences 
after local excision Of these 41 occurred m patii nts on whom I had 
personally performed the first operation In 1 152 postenor gastro 
enterostomies there were S7 cases that is S 3 per cent Of these S'lG 
were perfonned for duodenal ulcers wth 8G marginal ulcers (i per 
cent} Of 99 antenor gastroenterostomies 19 were for duodenal 
ulcers with 2 subsequent marginal ulcers (10 5 per cent ) With 020 
partial gastrectomies 28 of which were for duodenal ulcers there was 
«ne marginal ulcer (3 5 per cent ) 

The most important factor in their production has been clinically 
and expenmentally proved beyond all question to be hyperaadit> 
The> are thus more common in males — of m> own 128 cases onl> 8 
were females— and are almost limited to operations performed for 
duodenal and pyldne ulcers 125 in my senes were of this \anety 
The> are likelj to occur in young men with a high aciditj and for this 
reason a partial gastrectomj is more likely to be chosen for the treat 
ment of a duodenal ulcer in such a patient Tliey arc very common 
after and indeed almost certain to follow a Roux gastro-enterostomy 
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or gastrectomy, for here the alkaline bile and pancreatic juice is 
diverted from the anastomosis , these operations, therefore, should 
never be performed 

Indications for operation. — ^By careful selection of the operative 
procedures in the primary operation much may be done to lessen the 
incidence of this senous complication It is generally assumed, I 
think incorrectly, that very little training is required to enable a 
doctor to perform a gastroenterostomy A great deal, houever, is 
required to enable him to make a correct selection of the treatment 
for any individual case 

Recurrent symptoms after a gastro-enterostomy for duodenal ulcer 
are most commonly due to gastro jejunal ulceration, and hsmatemesis 
or melsna in such a case is, I believe, nearly ahvays so caused In 
doubtful cases the X-ray investigation is often of little value, but the 
flexible gastroscope used by a skilled observer will generally provide 
definite proof of the presence or absence of ulceration In the early 
stages or in doubtful cases medical treatment on stnet lines should be 
employed with the abolition of all smoking, but, although the symptoms 
often entirely disappear while the patient is in bed on treatment, I am 
beginning to be ve^ doubtful if a real cure ever results Nearly all 
the cases I have so treated have returned to me later and required 
surgical intervention 

Operative technique. — Because the condition is due to a hyper- 
acidity which has not been adequately neutralized by the gastro- 
enterostomy, any operation short of an extensive gastrectomy would 
be expected to be a failure, and such indeed has been my e.xpa*ience 
Of 18 cases treated by local excision and plastic operations seven 
showed recurrent ulceration 

The w ide resection and the poor state of the patient's health and the 
prolonged dissection necessary to divide old adhesions and restore 
the normal relationships, make this operation very difficult and 
severe The difficulty is enhanced where there is a gastro jejuno colic 
fistula , fortunately, with a free commumcation into the colon, the acid 
IS often neutralized and the ulcer heals, so that the separation and 
closure of the fistula may for a time be successful As a rule the ulcer 
soon returns and will then require partial gastrectomy', but two 
patients are being closely followed in my follow-up department who 
have remained well for nearly four yeare after separation and closure 
of the fistula only 

Because of the seventy of the operation these patients must be most 
carefully prepared They should be kept in bed for one or two weeks ^ 
on a careful diet with large quantities of fluid and glucose If the 
hemoglobin is at all reduced a blood transfusion should be given 

Gastrectomy and resection for gastro-jejunal ulcer — ^A nght para- 
median incision should be employed, not less than 5-G m in length 
If It coincide with the old incision, the antenor sheath will hav e to be 
carefully dissected off the muscle in its whole length and the muscle 
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dissected o/f the po-^tenor sheath fhert arc usually a large number 
of adhesions, and therefore >t ^\Ill usually be wiser to open the pen- 
toneum m the upper part of the wound There are less likelj to’ be 
adhesions over the Uver and, even if this \iscus be adherent, a small 
accidental incision into it has no serious consequences WTien the 
pentoneum has been opened all adhesions must be carefull> dissected 
off No attempt whatev er must be made to correct the pathological 
lesion until the anatomy has been restored \Vlien the omentum 
colon and anterior surface of the stomach have been entirely freed 
from the anterior abdominal wall and the liver, the abdomen can be 
explored Gastro jejunal ulceration is made manifest either bj a hard 
indurated mass or an area of speckling over the adherent mesocolon 
Tlie transverse colon is turned upwards and the mesocolon carefullj 
dissected off the old anastomosis This is a slow and tedious pro 
cedure for the mesocolic artenal arch must not be injured or the 
transverse colon may be devitalized When the mesocolon is quite 
free, the anastomosis may be pushed up through it The gastro-colic 
omentum is now divided between ligatures down to the duodenum, 
and the pj lone artery is also divided m the manner usual with a partial 
gastrectomj The duodenum is similarly divided between damps 
and, if the Polya operation is selected the distal end is sutured and 
embedded The stomach is pulled down and the leaser omentum 
containing the coronary artery is divided in the usual way The 
stomach can now be turned over to the patient’s left and any adhesions 
between the ulcer, the anastomosis or the postenor wall of the stomach 
and the lesser sac are divided The stomach is clamped proximal to 
the anastomosis, as in the usual PoUa ty-pe of partial gastrectomj. 
but the resection must always be wide so that the aciditj be per- 
manently abolished One of the drawbacks of this operation is that, 
owing to the anastomosis, the jejunum has to be opened before the new 
anastomosis can be completed and hence the possibility of infection is 
increased In some cases the jejunum may be divided below the 
anastomosis and the ulcerated area, the resulting opening closed, and 
either a fresh loop used for the Polya anastomosis or the operation 
completed bj the Billroth I method Often, however, this double 
step entails extra time in an operation already prolonged and severe, and 
hence I generally prefer to use the opening in the jejunum for the new 
anastomosis In this case a clamp is pissed across the jejunum If 
the ulceration is limited to the antimescnttnc border of the gut, the 
clamp may be passed obliquclv across, so that when the diseased area 
IS excised one long opening m the antimesenteric border of the gut is 
left, but if as so often happens, much scarring has drawn the mesentery 
up into the base of the ulcer, the clamp is passed across a whole loop 
and when the diseased area is removed the gut is completely cut across 
and there is left in the clamp the openings of the afferent and efferent 
loops with a piece of mesentery between As the gut now lies, the 
afferent loop is near the lesser curvature of the stomach and the 
efferent loop near the greater curvature If tlie afferent loop is sufii- 
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cientl} long the anastomosis is performed m this position as m the 
nomal Pol} a operation but if at the previous operation a no-Ioop 
rflethod had unfortunatelv been used I have no hesitation in rotating 
the loop and perfomung the anastomosis with the afferent loop at the 
greater curvature although this does slightl} mcrease the possibilit} 



of subsequent constnction of the efferent loop bv scarring of the 
mesocolon 

The two clamps are now approximated and if there is a relativeU 
long portion of me-'enterj between the two loops it is careful!} sutured 
to control hiEmorrhage It will now be found verv useful to apply a 
senes of Spencer Wells forceps along the proximal edge of the jejunum 
to evert it and faahtate the passage of the sero muscular suture the 
forceps being covered bv an abdominal pad during the passage of 
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the suture If there is onl} a single long opening in the antimesentcric 
border of the jejunum, the stomaidi is opened after the passage of tlie 
sero-muscular suture and the anistomosis and the removal of the 
stomach are completed as in the usual Pol3.a gastrectomy If there 
are two openings of the jejunum unth a piece of mesentery between, 
the sero-muscular suture is passed in the usual vva\ , i e a single suture 
IS passed through the afferent loop of the jejunum and the lesser 
curvature of the stomach and tied, and a second suture is passed 
through the efferent loop and the greater curvature of the stomach, 
thus fixing the ends of the anastomosis The lower suture is now 
passed from below up as a continuous scro muscular suture, but in 
the centre picks up the serous coat of the mesenterj instead of the gut 
(Fig 889, a) The stomach is now opened and the posterior lavers 
sutured with a continuous through and-through suture which m the 
centre again picks up mesentery instead of gut Tlie antenor lajers 
are sutured m a similar waj , the centre portion of the stitch in this 
case uniting mesentery to antenor wall of stomach (Fig 889 b ) 
The clamps are then removed and the antenor sero muscular suture 
IS inserted which again in its centre part unites the peritoneum of the 
mesentery to the antenor serous wall of the stump of the stomach 
By working in this waj and ignonng the fact that in the centre there 
IS no gut but onl> mesentery, the union is bound to be correct and a 
figure of 8 union is left, both walls of the stomach being united m the 
centre and the afferent and efferent loops joining mtli the stump 
of the stomach near the two curvatures The transverse colon is 
again turned up and the opening of the mesocolon which is often 
large, is carefully sutured to the stump of the stomach If the afferent 
loop was short and had of necessity to be united to the greater curva- 
ture, it may be impossible to unite the mesocolon above the efferent 
loop In this case its edges should be inverted and carefully sutured 
to the efferent loop of jejunum, care being taken to cause no con- 
stnction The abdominal wound is now closed m the usual way , two 
or three tension sutures usually being required 
Results of operation. — ^This operation is always serious and may, 
indeed, be the biggest operation m the abdomen The patients arc 
nearly always bad nsks, being reduced by severe pain, vomiting or 
repeated ^u-TOoriViage there be a cdbc fctu\a ttieir strength has 
often been further cxiiaustecl by severe diairhcea Nevertheless, 
because the condition is progressive and the patient's life a misery , the 
surgeon can feel that he is justified m advasmg an operation even if it 
be associated with considerable nsk, and if the patient does survive 
there is every probability that he will be restored to normal health 
Most of the published statistics show a mortality^ of approximately 
80 per cent , but there is no operation in which the mortality is so 
reduced by expenence and care Of ray senes of 128 cases 99 have 
been treated by partial gastrectomy In these the total mortality was 
29 per cent , but in the later cases of the senes there were 10 with a 
mortality of just under 10 per cent 
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BENIGN TUMOURS OP THE STOMACH 
Until a few > ears ago benign tumours of the stomach, which are rare 
were not diagnosable before operation Although the^ ma\ be 
recognized to-day by the aid of X rays and the flexible gastro«cope, 
they rarely give nse to charactenstic symptoms, so that although 
there may* be severe attacks of pain, hTmatemesis or more rarch a 
tumour, the condition is often mistaken for some other le-ion, or may 
be acadentallv found at operation in association wath some other lesion 
If found at operation such tumours should aln a\ s be remov ed. as 
they may latercauseseverehEmatemcsisandan-emia If diagnosed by 
X-ray s or the flexible gastroscope, the decision to operate w ill depend 
upon the sev enty of the sy mptomsand the age of the patient A pedun 
culatcd tumour in the region of the pylorus ma\ cau-e severe pain of 
a colicky nature as the result of being gripped by' the pylorus m the 
peristaltic wave , others may cause repeated hxmatemcsis and severe 
anxmia With such symptoms a benign tumour should always be con- 
sidered as a possible cau«e, and if its presence be demonstrated an 
operation is advnscd Small tumours shown by filling defects m the body 
of the stomach may , if their symptoms be flight, be watclied, but it must 
always be remembered that they may become carcinomatous 
Operatne technique. — ^The abdomen is opened m the usual way 
and the viscera are explored If a papilloma has been diagnosed by 
the X ravs it is ncarlv always possible to palpate it through the 
stomacli wall, and it will then gcneralK be found to be fairh freely 
movable owang to the length of its pedicle An incision should be 
made through the anterior ga»tnc Wjill and the tumour pulled up It 
mav be excised with the cautery or kmfc and the ^c^ultlng opening 
m the mucosa carefully sutured If the tumour be large it may be 
wase to transfix and ligature the pedicle before division Tlie opening 
in the antenor wall of the stomach is then sutured with two livers of 
diromic gut The more sessile tumours, such as the my omila, cither 
form firmer misses projecting into Uic lumen of the stomach or grow 
outwards into the pcntoneil cavity’, m which case they are ea«iU 
visible The latter vanetv mav grow to enormous masst-> vvlnch are 
mistaken for ovanan tumours In this type a distinction has to be 
carefully made from sarcomata If the diagnosis bt doubtful a partial 
gastrectomv should be performed, but if there be no doubt that the 
tumour IS benign it is usually’ sufficient to remove a small ellipse or 
wedge-shaped portion of the stomacli wall to vihich the tumour i- 
attached, and to close the resulting opening with two lavers of suture 

CARCINOMA OF THE STOMACH 
Indications for operation. — Caranoma of the stomacli is not onh 
very frequent but also steadily progrcs<tiv e, and at present the only 
hope of cure lies m surgical interference Even with the most careful 
and complete investigations, which are to day at the (lispf>sal of thv 
surgeon, a large numl>rr of cases are unfortunately '■till inojHrable 
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when they come for treatment In my total senes of 507 cases, an 
attempt at a radical cure uas only possible in 30 per cent , but it is of 
interest to note that in the cases seen m the last nine years this 
percentage has nsen to 44 As with carcinoma elsewhere, an operation 
IS only likely to be successful if the whole of the growth and the 
lymphatic fields involved arc completely removed, together with the 
lymphatic glands into which these fidds drain The operation is 
therefore extensive, and since many of the patients are elderly and 
have had their resistance much reduced by severe pain interference 
with digestion repeated vomiting and haemorrhage, the mortality is 
bound to be high In my own senes, and this is true m most of the 
reported statistics the mortality was about 2S per cent For this 
reason there are still physicians who believe that an operation should 
only be undertaken m exceptional cases Although without operation 
a patient may continue to live for a year or eighteen months his life 
during this period is one of profound misery and discomfort, and thus 
even an operation with a high immediate mortality is justifiable if it 
gives a fair hope of radical cure Only a few years ago the cases that 
survived operation with no evidence of recurrence were so few that the 
pessimistic view might have been justified but it is becoming more and 
more evident to day that not only will a partial gastrectomy often give 
a very considerable penod of relief but tliat an increasing number of 
cases have lived sufficiently long without evidence of recurrence for 
them to be regarded as cures Of my own 507 cases 0 I per cent are 
alive and well with no signs of recurrence for five or more years , of 
those in whom a gastrectomy was possible the percentage is 17 2 and 
in those that survived the operation the figure has risen to 23 5 These 
figures allhough relatively low, are sufficient to encourage surgical 
treatment and make us feel that with an operation there is a definite 
chance of a cure, whereas if no ojwration is performed the disease ls 
steadily' and npidly' progressive It is my own custom, therefore, to 
advise operative treatment for nearly' every' patient m whom there i:> 
no definite evidence of metastases It is true that over the age of 70 
the normal expectation of life is so short that one is not justified m 
advising a serious operation, as the gam might be very little more than 
the time that they would live without ojicration There is also another 
consideration, if the patient has liecn operated upon for a known 
carcinoma and the condition is found to be inoperable, the rclativ es w ill 
feel that he had at least been given every chance, and their anxieties 
will be relieved to ‘the extent of knowing that no opportunity has been 
missed In addition to these cases in which an operation is undertaken 
with a definite hope of accomplishing a cure, there are those to whom 
relief may be given by a palliative procedure to overcome pylonc 
* obstruction It can be said, therefore, that the indications for operation 
are definite, and that every patient ^ould be given the chance which 
tins method affords unless there is positive evidence, from secondary 
deposits, that the condition is beyond hope 

Preparation for operation. — Tlicse patients are often fragile, wasted 
25 
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and dehydrated and may therefore be much improAcd by careful 
preparation but on the other hand valuable time must not be lost 
They should be kept m bed on a careful diet for i few days or at most 
a week before operation The blood should be evamined and grouped 
and if there is a definite «5econdaiy ana.mia a transfusion of 350-500 
c c of blood should be given on the evening before the operation In 
all cases fluid and glucose should be given in large quantities by mouth 
or bv rectum or m exceptional cases intravenously If the patient is 
sleeping badly a narcotic may be administered at night during this 
penod The bowels must be kept open but no drastic apenent 
administered The choice of anasthctic wall be on similar lines to that 
for a gastnc ulcer my own preference being for gas and oxygen with a 
little open ether or j entothal other surgeons prefer infiltration and 
local anesthetics 

Operative technique Partial gastrectomy — Wherever possible a 
partial gastrectomy should be performed This diflers from the 
operation for gastric ulcer in the extent of the stomach removed and 
in the clearance of the lymphatic glands Most carcinomata commence 
in the lesser curve or at the pylorus and then fore a wide removal must 
be earned out so that the two lower lymphatic field* {sec Tig TS-l 
p G74) arc completely eradicated If the growth has spread to the 
lymphatic field of the fundus as a general nile it has also spread «o 
widely to the glands the pentoneum or Jner that any radical operation 
15 out of the question In all cases the ly mphatic glands must be frcciv 
removed The gastro colic omentum may be divided near the colon 
but many surgeons advocate the complete removal of the great 
omentum It is not my custom to cany this out as a routine hut if 
there is wide involvement of the lymphatics passing dowm into the 
gastro colic omentum it is certainly wiser to remov c the whole omentum 
Tlie glands behind the pylorus lying upon the head of the pancreas 
must be freely tiken away and witn growth at the pvlorus this may 
mean a somewhat prolonged and careful dissection The lesser 
omentum must be divided as close to the cesophagus as possible so as 
to remove all the lymphatic gland* along the lesser curvature and it 
IS my owai custom to open the pentoneum of the lesser sac at the upper 
border of the pancreas and gradually to dissect up towards the stomach 
the glands lying around the cceliac axis the coronary arterv then being 
divided close to this (Fig 390) Because of the wide removal of the 
stomach the Poly a method of resection may be more^suitable but if the 
fundus be sufficiently movable tlie Billroth I operation may bt ‘^?lcctcd 
as It has a rather lower mortality but the amount resected must never 
be limited in order to make this operation possible It i* partly 
because of these extensive but necessary dissections of the glands, 
that the mortalitv of a gastrcctomv for carcinoma is so much hit,licr 
than tint for an ulcer 

Tlie abdomen should be opened by the usual right upper paranuilnn 
incision A rapid but careful investigation must then lx. inidu of the 
whole of the abdominal viscera to determine whether the growth «•» 
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remov'ible It is mj own custom to piss the left hind down into the 
pelvis The omentum pentoneal wall ind peU ic cavitv can then easih 
be felt for an> secondary nodules on the peritoneum which are more 
frequent perhaps in the floor of the pelvis than elsewhere The nght 
and left lobes of the liver are palpated for secondaries and the stomach 
IS draw n out and the extent of the growth m\ estigated If it is adherent 



Fig 390 Ligature and dirision of the coronarf arteiy close to its 
ongin from the cceliac axis 

to the pincrcis the chance of cure is almost negligible but invoKemcnt 
of the trans% er>e colon or an adjacent loop of smill gut does not alv\ 15 s 
mean that the case is inoperable and the same is tnu, of idhcrent gall 
bladder The resection of a loop of transaersc colon of a loop of small 
intestine or of the gall bladder of neccssitj adcU to the nsk of the 
operation but now and again satisfactorv re^iihs are obtained and the 
patients remain free from rccurrcnct for a prolonged period 
The Umphatic glands are then carcfullj examined It is often a 
disappointment to find that a growth which is otherwise removable 
ma\ be issociated with large masses of glands running up from the 
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ccehac axis round the abdominal aorta and making a radical cure 
impossible, but if it is possible to reach above the enlarged glands of 
the lesser curvature and there are onl} one or tivo glands around the 
cceliac axis, the tumour may be considered suitable for removal In 
certain cases the growth has spread to the mesocolon If this area can 
be isolated and excised without injury to the vessels passing to the 
transv erse colon, it is no contra indication to operation but if the middle 
colic arterj^ is involved it will mean resection of a portion of this vessel 
and eight or nine inches of the transverse colon maj' then have to be 
removed In several of mj own cases I have divided this arterj and 
have found a colonic resection unnecessary, but in other cases I have 
had to remove a portion of the colon , every case with such an involve- 
ment must be carefuUj judged as to whether it is justifiable to proceed 
w ith this measure 

If the gro^vfh is removable, the gastro-eohc omentum should be 
divnded or the greater omentum removed In the former case an 
opening is made into the lesser sac just above the transverse colon, 
and the gastrocolic omentum is divided between ligatures down to 
the duodenal cap as close to the transverse colon as possible In the 
latter case the great omentum is turned upwards, an incision made 
through the peritoneum at the upper border of the transverse colon, 
and the line of cleavage sought between the mesocolon and the great 
omentum This is not, as a rule, difficult to find, and the transverse 
colon with Its mesentery can often be stnppied downwards until it is 
quite free The great omentum is then divided between ligatures at its 
upper and lower borders In the lower border the division is earned 
to the duodenal wall below the py lorus A finger is now inserted behind 
the pylonc canal and made to emerge through the lesser omentum 
The lower portion of the lesser omentum, including the p\ lone artery, 

IS now divided between ligatures The next step will depend upon the 
amount of involvement of the retropv lone gland* With a growth close 
to thepvlorus they may be considerably mvoh ed, and will have to be 
dissected carefully from the head of the pancreas until the posterior 
wall of the duodenum bey ond them is quite clear Care must be taken 
m this step that the neck of the pancreas is not injured The duodenum 
having been freed, it is clamped m two places, the proximal clamp 
being about ’j ni bu> ond ttie -pyttint. TVft ■d'lK/dt'waw, v* 

divided betw een the clamps and the distal end is closed w ith t\\ o lines 
of catgut sutures, and then embedded as in the operation for gastric 
ulcer If a Billroth I method i* chosen it is left clamped and covered 
with gauze but unsutured The stomach is now turned over to the 
patient s left and any peritoneal adhesions in the lesser sac are freely 
divided The next step consists of the removal of the glands around 
the cceliac axis and the division of the coronary artery The stomach 
being turned to tlie left and lifted up, the postenor layer of the lesser 
sac IS divided at the upper border of the pancreas. The coronary 
artery is then seen ansing from the cceliac axis All lymphatic gland* 
are dissected up tow ards the stomach, and the artery is divided betw een 
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two ligitures dose to Its ongin (Fig 390 ) Tlie stomach being turned 
over and pulled down the lesser omentum is di\ided between two 
ligatures close to the cesophagus the ligature on the upper end being 
left long as in the operation for gastnc ulcer The gastro-colic omentum 
IS divided between ligatures up to the site of division of the stomach 
The operation is completed as for a gastnc ulcer but the gastnc clamp 
IS usuallj^ placed higher and a laiger portion of stomach is removed 
The resected portion must include the whole of the two lower l3^mphatic 
fields Along the lesser curvature it should he close to the oesophagus 
and should pass down to join the margin of the greater curvature at 
nght angles or maj he even higher Tlie operation is completed as for 
a gastnc ulcer either a retro or antenor colic anastomosis being 
performed or united to the end of the duodenum In the former the 
divided mesocolon is carefully sutured to the stump of the stomach and 
the wound is closed 

Postoperative treatment — This will follow tJie lines laid down for 
peptic ulceration but collapse may be more in evidence and trans- 
fusion either of saline or blood is more hkelj to be required In severe 
cases a blood transfusion may often be of the greatest value 

Total gastrectomy — ^Total gastrectomy is not often indicated for 
if the growth has spread sufficiently widely in the stomach wall to 
necessitate total removal there will as a rule be secondary deposits 
elsewhere or widespread glandular involvement There is however 
one variety which grows slowly and widely infiltrates the stomach wall 
while leading to few if any' deposits m the glands or elsewhere This is 
the so called leather bottle stomach For this condition total 
gastrectomy is indicated and although an operation of very con 
siderable mortality many successful cases have been reported Most 
of the deaths occur from leakage at the site of the anastomosis due to 
the precarious blood supply of the lower end of the cesophagus which 
vs largely derived from the stomach vessels Tor these reasons the 
operation is much safer if a fnnge of stomach at the cardia can be 
spared 

The early stages of the operation are precisely similar to those of 
partial gastrectomy but should include division of the falciform a nd 
V ifl c.grcw.a’P. v.vtbk Itv? k-ttno tee. 

of the liver to the right The duodenum is divided and the distal end 
mvaginated the glands arc stripped off the ccchac axis and thecoronary 
artery is divided between ligatures The gastro liepatic omentum is 
divided between ligatures right up to the oesophagus Tlie division 
of the gastro-colic omentum between ligatures is now continued op to 
the fundus the division passing mto the gastro splenic omentum This 
structure is divided in small portions each being made accessible by 
drawing the stomach downwards and to the right The division is 
continued until the whole fundws is free The stomach is now turned 
upwards over the chest so that the postenor surface of the intra 
abdominal cesophagus is visible an opening is made m the meso- 
colon and a loop of jejunum is drawn up through it or if preftned 
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this loop maj be turned up m front of the colon A position on the 
loop IS carefully selected uhich can be brought into apposition wth 



Fig 391 Total gastrectomy Method oF anastomos ng 
cesophagus to top of jejunum. 


the oesophagus without tension It will generillj he 8-10 in from the 
flexure The walls of the cesophagus and jejunum are then sutured 
with a continuous catgut suture which does not enter the lumen of 
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Cither \iscus The posterior wall of the rebophagiis is divided } in 
distal to this line of suture, and a corresponding opening is made into 
the jejunum These two postenor lajcrs are tlien firml> united b> a 
continuous through and-through catgut suture (Fig 891 ) The 
antenor wall of the cesophagus is now di\ ided and the stomach removed - 
It will often be useful at this stage to pass a full sired cesophageal tube 
down the oesophagus into the distal loop of the jejunum this acts as 
a splint and facilitates the rest of the sutunng The two antenor walls 
are united bj the through and through suture, and this lajer is em- 
bedded by the sero muscular suture Balfour advocates a lateral 
anastomosis between the afferent and efferent loops and a jejunostomj 
below the lateral anastomosis It is ni>*custom not to perform these 
steps but to leave the cesophageal tube in position for 4-G da>s 

Postoperaltvc treatment and results — ^Tlie mortalitj from this opera- 
tion IS high The cases are few but the mortality from published results 
is from 40-60 per cent The after treatment must be carried out with 
meticulous care For fort} eight hours water and glucoae are given by 
rectum and fluid or blood ma) be required intrav enouslv After fort} - 
eight hours fluids ma} be cautiousl} given in I drachm doses b} raoutli 
or down the cesophageal tube, and onl} slowlv increased Even when 
the patient has recov cred from the operation the meals should be small 
and frequent The chief danger, apart from recurrence, is the later 
development of a severe macroc}tic amemia owing to the removal of 
all gastric secretions 

Palliative operations — In certain cases a partial gastrectomy may be 
the most suitable palliative operation If for instance, there is a large 
fungatmg mass in the stomach which is freely movable but there are 
one or two small secondnr}' deposits in the liver or elsewhere, a resection 
of a portion of the stomach may give great relief and comfort and is 
clearly the operation of choice 

Gasiro ciileroslomy — If there is a carcinomatous mass at the pylorus 
which IS too extensive for removal or is associated with metastases but 
at the same time is causing great obstruction much relief to the 
vomiting and discomfort may be obtained bv the performance of a 
postenor or anterior gastro-entcrostomy, although the span of the 
patient s hie is rarelv increased thereby and the operation owing tb 
the patient’s poor state of health his a high mortality The details of 
the operation will differ m no way from that performed for benign 
stenosis of the p}lonis 

Gastrosiom} — \\’hen the carcinoma is at the cardiac end of the 
stomach or in the oesophagus tixe dominant svmptom is inability to 
swallow, and the patient is m danger of d}mg from starvation In 
such cases gastrostomy may lienccessarj cither as a palliative measure 
or as a preliminarv’ to local treatment of the growth by operation or 
wath radium With benign stenosis of thcicsopliagus a similar operation 
may be required as a temporary or permanent measure 

Main different methodb of performing this ojienition have been 
devased , all of them aim at forming a sitisfactory valvular opening 
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muscular coats around the catheter and about | in jn distance from it 
(Fig 392 ) The catheter is pushed inwards as the silk stitch is tied, 
and carries wth it a cone of stomach A second purse stnng stitch is 
then passed J in external to the first and is again tied as the catheter 
is mvagmated By this means a cone of stomach wall 1 in in length 
is pushed into the stomach cavity and later forms an efficient \alve 
The stomach is firmly fixed to the posterior rectus sheath by two silk 
sutures and the rectus, anterior sheath and skin are sutured above 
and below the rubber catheter If the patient is dehydrated or starved, 
feeding can be supplemented through this catheter as soon as he 
has recovered from the amesthetic These patients require sufficient 
quantities of a well balanced liquid diet The feeds must be given 
slowly and at regular intervals Tor psychological reasons, small 
quantities of food should be given by the mouth 

When this operation was only performed after the patient had become 
greatly dehydrated it was a measure of considerable risk Even to day 
it carries with it a high mortahly as many of the patients have not 
sought advice until there is grave difficulty in swallowing In my oivn 
senes of 128 cases there were 20 deaths a mortality of 17 per cent , 
but m the last 95 cases where the operation was performed earlier, 
the mortality had dropped tq 8 per cent In only one of these cases 
was there any difficulty from leakage of the gastrostomy opening 
Jejunostomy — A somewhat similar operation is often advocated 
whereby an opening is made into a high loop of )€)unum This is 
often satisfactory in duodenal fistula, and has been strongly advocated 
in the treatment of very extensive gastne ulcers high up on the postenor 
wall which are either inoperable or would require a total gastrectomy 
for their cure In such cases, however, my own preference is for a 
gastro-enterostomy which will generally cause a great diminution m the 
size of the ulcer and may sometimes effect a cure Jejunostomy is 
occasionally used in the treatment of carcinoma of the stomach where 
the lesion is so extensive that neither a gastro-enterostomy nor a 
gastrostomy can be employed and it has been adv ocated as a temporary 
measure after complete gastrectomy’ 

A loop o! jejunum is selected, about 10-12 in from the difodeno- 
jcjuna'i flexure, and a smaTi opening is made in A info 'wbicli a l^o 
rubber catheter is sutured The operation is completed either by the 
insertion of two purse-stnng sutures, as m gastrostomy, or by means 
of a longitudinal valve made by approximating the walls over the 
catheter by silk sutures for a distance of about IJ in as in the per- 
fonnince of a Witzel gastrostomy (Tig 393 ) If the lumen of the 
bowel appears to be narrowed by the buned catheter it is wiser to 
make an entero-anastomosis m order to short-circuit the loop in which 
it lies 

FOREIGN BODIES IN THE STOMACH 

The foreign bodies most commonly found in the stomach to day 
consist either of single articles swallowed by accident or multiple bodit^ 
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s^\'\Uo^^ed hy h)i>lencal women or bj iqnorant men for i wiRtr A 
feu jears ago large masses formed bj the aggregation of Kmall pieces 
of matenal utre common Thej were known as bezoars and the 
commonest was the hair bait but with the universal fashion of short 
hair for women these have disappeared Similar bddies formed bv the 
swallowing of cotton wool or shellac used in industry have become 
rare with the better education of the operatives 

MTien a patient swallows a single bod> he is generallj aware of the 
accident and seeks advice If the body is smooth such for instance 
as a com or metal whistle it will usually pass without incident Such 
ma) also be true of sharper bodies such as tooth plates if the> have 
safely negotiated the ojsophagus Fortunately the majontj of such 
articles are opaque to the \ rajs and their position can therefore 
easily be noted If the> are causing no svmptoms the patient should 
be Watched and operation onij undertaken if the object becomes fned 
or begins to cause s>mptoms Foreign bodies swallowed b> design 
may be so multitudinous that the> cannot be passed and an operation 
becomes necessary 

Operative technique — The stomach should be exposed bj the usual 
upper right paramedian incision and vtrj careful!) examined to 
ascertain if the foreign bod> has perforated the gastnc walls TJitf 
stomach itself is then carefully palpated and the foreign body located 
An incision should be made in the stomach walls after the abdomiml 
cav \iy has been packed off U should be more or less v crtical and large 
enough to enable the foreign body to be withdrawn without damage to 
the stomach wall The foreign body is removed with forceps and the 
wall of the stomach closed with two lavers of catgut sutures the first 
passing through all the layers and the second only through the sero 
muscular walls Ibe abdomen is then dosed m the usual way The 
after treatment will be similar to that for operations for peptic ulcers 



CHAPTER XVI 

OPERATIONS ON THE LIVER AND ITS 
EXCRETORY APPARATUS 

By G. GREY TURNER 

Surgical anatomy of the Iner. MobiUty — This organ is normall\ 
possessed of considerable mobility It descends in the erect posture 
and recedes under the dome of the diaphragm uhen the recumbent 
position IS assumed, and it moves laterally with the body ^Vhen 
the abdomen is opened for surgical purposes this mobility allows the 
organ to be displaced inwards and forwards and to be so rotated on 
Its honzontal axis that its under-siirface can be made to look almost 
antenorly In this way the bilum (the portal or transverse fissure) 
and the deeper ducts are made accessible This normal mobility 
vanes and is often interfered with by adhesions or by other patho- 
logical conditions which shorten the ligaments or make them rigid 
Position — The position of the liver vanes in different types of 
individual In tall spare subjects with narrow chests the organ is 
commonly high up under the dome of the diaphragm and is then 
difficult of access In the broad chested the costal margin is splajcd 
out, the arch of the diaphragm flatter and the liver correspondingly 
more easily exposed These natural variations must be borne in 
mind when the gall bladder u. visualized by cholecystography, for its 
position vanes wuh that of the liver 
Consistence — The organ is normally plastic and this quality is of 
importance surgicallj because by gentle but firm, slow pressure a' 
good hold may be taken without doing hann The plasticity is largely 
due to the amount of blood which the liver contains Tor the same 
reason the organ is friable its integntj largely depending upon its 
tough, strong capsule 

Blood-vessels —For the most part the blood is contained in the 
hepatic veins These are simply spaces lined by endothelium , they 
are without valves, and arc not collapsible The amount of blood 
they contain is large, but it is under very' low pressure The branches 
of the hepatic artery are comparatively few , they nm with the portal 
vein, and are the only vessels m the hver which spout when cut 
Relation of the pleura to the liver — ^Tlie pleural recess descends to 
within an inch of the costal margin and. whatever the position of 
the lung, this recess never vanes, so that to reauh the dome of the 
hver from the thoracic panetes the two layers of the pleura must 
always be traversed It must be realized that the dome of the liver 
and the summit of the diaphragm are surrounded bv the base of the 
lung and by the pleural sac TTicsc points art illustrated m I ig. 891 
il/orison’s pouch, or the hepatic pouch, is that part of the peritoneal 
cavity which lies just below the nght lobe of the hv er It u bound(-d 
inferiorly bv the ascending hj'er of the transverse mesocolon and th*- 
hepatic flcNure intenially by the peritoneum covering the ‘cpmj-, 
the free edge of the gislro hepatic omentum and the forarae" < * 
747 , — 
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duct running parallel mth the common duct for a considtnble 
distance (2) a \ eo short cystic duct (3) Mnous spiral amngcmcnts 
in nhich the c>stic duct winds round the hepatic ducts before uniting 
with them (4) aanations m union of the hepatic ducts the httcr 
either uniting much lower than normal or opening separatth into 
the duodenum (5) accessorj hepatic ducts (C) hepatic ducts opening 
directly into the gall bladder and the common duct onginating from 
the latter There are also man} alterations m the ducts which are 
pathological but which maj be mistaken for anatomical \amUons 
The relations of the hepatic arterj and its cjstic branch are aerj 
aanable Of 100 subjects examined by E R Flint of Leeds in onh 
S4 was the arrangement of the ducts and vessels that usuallv described 
as normal In about 30 per cent of subjects the right hepatic artei} 
or the cystic artery was found crossing m front of the common duct 
or the common hepatic duct and m IG per cent an accessory cystic 
artery was found passing in front of the ducts to the gall bladder 
For these reasons the surgeon when operating on the neck of the 
gall bladder or the common duct must alwajs satisfy Inm«eJf of the 
exact relationships by actual s isual obser\ ation 

OPERATIONS ON THE LIVER 

Suture of the Iner —This may be neccssarj in man> circumstinccb 
quite apart from deliberate resection as for instance when the h\cr 
is accidental!} torn during choice} stectomv The suture material 
ought to be catgut — for big tears No 3 for smaller tears No 1 It 
must be passed with a round needle of sufficient sire of c}t to allow 
the catgut to follow without tcanng too big a hole Special blunt 
flexible needles are sometimes recommended (Konsnclzoff) but 
though certainly conienient tlic} are not rcall} neccssarj and as 
they arc not often required tUc> are usuallj missing when wanted 
Most of the hxmorrlnge is from branches of the hepatic \cins and 
readily ceases when the liver surfaces are brought together Sjxjuting 
V esseb w ill be branches of the hepatic after} and should be caught and 
tied with catgut like anj other vessel but bleeding from big veins 
ina} have to be controlled b} passing a purse stnng suture round the 
opening os shown in Fig iOo ibe flow bemg temporanf} cantrolfed 
b} putting the finger tip on the onfice of the vein Tlic edges of the 
wound ma) be drawn together with as inan> stitches as are neccssarv 
to secure rough apposition about one to the inch being required for 
this purpose The needle is inserted i in from the edge of the tear 
should reach nearlj to the bottom of the wound to be closed and must 
usuallv be brought out in the middle of the tear and re jnserttd as 
to apjicar at a corresponding point on the opjwsitc sidt of the wound 
These sutures are gcntlj drawn together the knot of the stitch being 
kept at the side rather than over the centre This suture v\il! bnng 
the depths of the wound together and will stop most of tht bleeding 
Exact apposition is tlien secured b\ stitches of finer catgut pa sed 
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close to the edge, at inten'als of about i in. TJiese sutures should 
be interrupted, because it is important to avoid the development of a 
hfCmatoma in the liver wound, and it 
is much better that any oozing should 
find its way to the surface. When 
the capsule is deficient, or unusually 
friable, the sutures may not hold, and 
it may then be necessarj' to use some 
structure to support the stitch, after, 
the plan of the old-fashioned *' button 
suture.” For this purpose magnesium 
plates have been recommended, but 
they may not be at hand when re- 
quired, and it is better to rely on 
some structure which is always avail- 
able. If the tear is on the upper 
surface of the liver it may be possible 
to pass the sutures through the trian- 
gular ligament ; or the latter may be 

detached and laid over the propo^ line of suture, so that the stitch 
is passed through it on both sides. Or a strip of the ligament may 
be cut away and used for this purpose in any situation, or a piece of 
parietal peritoneum or rectus sheath, or a portion of omentum, 
may be utilized. (Fig. 893.) (See also pp. 77^-777). 



Fig. 2'59. — Suture passed through 
piece of triangular ligament that has 
been completely detached for the 
purpose. 


OrEHATIOKS FO« FIXATION OF THE LiVER 

Indications. — True hepatoptosis is verj' rare, and mild degrees of 
prolapse of the liver are only part of a general visceroptosis and can 
rarely justify surgical intervention. Operative treatment may be 
indicated when a definite displacement causes troublesome sv-mptoms 
which cannot be relieved by palliative means such as support by 
belts ; or when there is reasonable doubt of the diagnosis ; or when a 
displaced liver is associated with some other condition which may be 
relieved surgically. Inter\'ention is verj' rarely indicated, but the 
possible methods illustrate the principles of the technique of fixation 
of any abdominal viscus, and may therefore he included here. 

Choice of operation. — ^The methods available arc : 

(1) Formation of adhesions between the liver and the parietes. 

(2) Shortening of the ligaments. (3) Direct suture to the parietes. 

(4) Gauze packing. 

Technique. — In the thin subject the best incision is a vertical one, 
either through the rectus or the middle line, but in big and stout 
patients the oblique incision of Kocher is more convenient. In ever)’ 
case the first stage of tlie operation must be a careful scrutiny of the 
conditions present, combined with a search for any other pathological 
process which may have contributed to the symptoms. If the con- 
dition is an uncomplicated prolapse, the surgeon must decide uhat 
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method of fixation is to be eraplojed Mild dcgreea ma\ be trtateil 
bj anj of the methods mentioned but for se\ere cases a combination 
will certainly be required 

(1) Bj the formation of adhesions — An attempt ma\ be made to 
bring these about b} rubbing the surface of the li\er and tJie opposing 
panetes with some such substance as pure carbolic tincture of loline 
or perchlonde of mercury (1 m 500) As a first step a gauze swab 
must be introduced behind the posterior part of the li\cr in such a 
position as to catch anj excess of the imtating chemical which is 
applied on a swab of dij gauze held m a sponge handle Tlio upper 
surface of the li\er and the 
adjoining dome of the 
diaphragm and panetes are 
thorough]} rubbed special can. 
being taken to appl^ it to the 
angles where the ligaments are 
attached 

(2) By shortening ligaments — 
OnU the tnangular and round 
ligaments can be dealt wath 
and reefs must be taken in 
them b\ catgut sutures This 
method IS not enough in itself 
and must be combined with 
some plan to deal with the 
- - , . .,. 1 . ... inward and downward dis 

Fg 400 Fixat on suture passed through J Ter , . r . 

and par etes and t ed oyer roll of gauze In placement of the Tight lobe 
the figure t has not yet been drams tght (8) By d rect SUture.— T*or 

this purpo e thick catgut 
sutures {No 5 chromic) arc passed through the liver substance about 
an inch from its anterior edge on the one hand and deeply into the 
parietal tissues getting a good hold of the muscle or of the capital 
margin on the other A more convenient plan is to pass tic sutures 
right through the panetes the two end^ being brought out at an 
interval of an inch and being lied over little rolls of gauze (dossil ) 
as in Fig 400 Three to six of Hicse sutures are all that can uicfiillj 
be empio\ed and the same precaution muat be taken to see that tlie 
liver lies in its proper position before thej are tied and the abdomen 
closed 

(4) By gauze packing — In this method an attempt is made to 
produce granulation and subsequent adhesions between the surface of 
the lucr and the parities b) the contact of gauze packed into the 
interval between the liver and the dome of the diaphragm It is 
graduallj removed commencing about the eighth da> 

After treatment — The foot of the bed must be raised on blocks 
*1 in high and must bt kept so for a month or SIX weeks duringwluch 
time the patient remains stnctlv in the recumbent j>o ition llefore 
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the erefct posture is assumed a pad and bandage or a special belt 
must be so arranged as to exert pressure below the In ur margin and 
some such device must be worn for at least a > ear after the operation 

Results — ^The mortahtj of these operations has not been high and 
the results have been good so far as the restoration of the liver to its 
proper position is concerned but the amount of relief to the s\ mptoms 
is often not so great as expected 

Operatio'js for I\jur\ 

Injuries to the liver may be associated with a parietal wound or 
maj be entirely closed The former tjpe is often the result of gunshot 
wounds or stabs In civilized countries the closed injunes are the 
commonest It is important to remember that pathological con 
ditions such as fatt^ degeneration and venous congestion predispose 
to rupture These injuries are often associated with damage to other 
parts especially the lower ribs the diaphragm the lung and pleura 
or the right kidnej or more rarely one of the hollow vascera Some 
times the injury is ehtirelj beneath the capsule 

Indications — In compound injunes including the gunshot wounds 
and stabs met with m civil life the surgeon must alwajs operate In 
closed injuries the indications for interference are the severitj and 
duration of the shock evidences of increasing hjemorrhage and 
persistent ngiditj The surgeon must not be misled b\ a slow pulse 
which is sometimes present even vvath severe lacerations It is better 
to operate early than to leave the case in doubt because in these 
injunes a low grade infection is apt to occur and the records show 
that the earlier the operation the better the results In subscapular 
injuries the shock and signs of h-emorrhage mav not be extreme but 
secondary rupture into the peritoneum or bile ducts or infection are 
apt to supervene and it is m these cases that liver embolism especiallv 
occurs The rule must therefore be to operate when in doubt 

Preparatory treatment — It is a mistake to hurry patients suffering 
from abdominal injuries straight to the operating theatre Time 
should be taken to allow thtm to get over the primarv shock and to 
endeavour to make a diagnosis of the organ involved and the t\pe of 
injury In this condition the bleeding is often partially controlled 
by the abdominal ngidity and may become furious as soon as the 
abdomen is opened It is therefore very important that everything 
should be in readiness before the operation is begun This is one of 
the conditions m which blood transfusion is very likely to be required 
and the surgeon should be prepared to have it earned out in the 
course of the operation p 5*10 ) The blood from the peritoneal 

cavity may be collected filtered through gauze soaked m citrate 
solution and used for the transfusion The prchminarv use of morphia 
is valuable but it must not be given sooner than half an hour before 
operation lest it tend to increase lixmorrhagc by decreasing tht. 
guardian ngidity If there is much distension a stomach tube may 
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be passed for distension is a great handicap in operating on theupper 
abdomen and it la particularly apt to be found in the unprepared 
patient For the same reason a rectal tube ma\ be useful 
Technique —If the patient does not present signs of alarming and 
increasing h-emorrhage and the ngidity is very marked it is ncU 
worth while spending time to inject the abdominal wall witli novocain 
or percaine in 1 per cent solution as in the method of anoci association 
(Cnie) The skin muscles and extrapcntoneal tissues must all be 
thoroughly infiltrated The relaxation induced is a valuable help 
especially if there is difficulty in exposing the tear Tlie “tteps of the 
operation are — 

1 Rapidly determine the site of the injury 

2 Tcmporanly arrest haimorrhage 

3 Expose the tear 

4 Deal with the tear by suture or gauze packing or both 

} Deal with associated injuries 

G Attend to the pentoneal toilet 

7 Close the abdominal incision 

The abdomen should be opened m the middle line by an incision 
which extends from the highest point of the costal angle to the um 
bilicus On first opening the belly there will probably be a gush of 
blood but this is only what has collected m the pentoneal cavity 
and IS to be disregarded and the surgeon must rapidh discover by 
palpation the source of the linmorrliagc Having determined that 
the liver is the organ injured he must take steps for the temporarv 
arrest of the hxmorrhage The method of Hogarth Pnnglt* may 
be tried This consists of manual compression of the structures m the 
edge o! the gasiro hepatic omentum If this plan does not succeed 
gauze must be thrust into the tear or about it while clots in the 
neighbourhood are rapidly cleared away so that the exact extent of 
the injury can be determined At this stage the rev erse Trendelenburg 
position and elevation of the loin may be of great assistance 

The next step is to deal w ith the tear and the method to be employ eJ 
depends largely on its accessibility for sometimes it can be felt but 
cannot be exposed Large nearly separated fragments of liver tissue 
(it may be a considerable part of a lobe) are best completely removed 
as necrosis and sepsis are likely to follow If the gall bladder is torn 
from Its attachifients it should be similarly dealt with Any tear 
which can be exjiosed sufficiently for the purpose should be suturtJ 
the most inaccessible part usually posterior being dealt with first 
The sutures should be of Xo 3 catgut and interrupted A large 
round Iwlied needle is used and ample bites must be taken i-> there 
is a great tendency for the sutures to cut through Tlie ond> of the first 
stitch are left long and held to effect traction until the next stitch ha> 
been tied after w Inch they can be cut short In this w ay luuiiorrlnge 
IS diminished A very ragged tear, csjiecially if there is anv que:.tion 

• Votrton tlw Armio/ UfpaUe U«o3rTh««ltof 0:« »Siii iO 
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of conveyed infection as m gunshot w ounds can sometimes be cleanly 
excised and the edges brought into good position If the \\ound 
cannot be completely sutured as much as possible should be 
dealt uith in this way and the remainder treated by packing The 
gauze emplojed should either be soaked in 1 m 1 000 perchloride of 
mercury, or should be dry and well dusted ith sterilized boracic acid 
powder It is not wise to rely on a merely aseptic pack The gauze 
mij have to be held in position by one or more catgut stitches tied o^ er 
It, or by another pack pressing the gauze filled tear up against the 
diaphragm or parietes The neighbounng viscera should be protected 
from the gauze by strands of rubber tissue Another plan is to pack 
the omentum into the wound m the liver or to stitch that structure 
over a large superficial laceration When the tear has been dealt with 
associated injunes must receive attention special care being taken 
not to miss a laceration of any of the hollow viscera 

The final stage m the operation is the toilet of the peritoneum 
I arge clots in the vicinity and any fragments of liver should be re 
moved, but it is not necessary to attempt to clear all the blood out 
of the peritoneal cavity, and irrigation is better avoided A trnck to 
the surface must always be provided by a rubber tissue drain or a 
soft split tube, as there may be leakage of bile If the patient is very 
ill too much time should not be spent on the closure of the inrietal 
wound but three or four through and-tlirough silkworm gut sutures 
must always be inserted 

Lacerations which involve the hilum are particularly serious as • 
the larger vessels or hile-ducts are apt to be tom across If as often 
happens, the patient is in extronn, the most the surgeon can do is 
rapidly to clear away clots and apply large clamps to the bleeding 
vessels, the handles of the clamps being brought out of the wound 
If the condition permits, the parts may be exposed and examined 
after the vessels have been temporanlj clamped Tlie clamp being 
used as a tractor, the parts in its grasp are gentlj drawn towards the 
surface for examination In this way a tear in the portal vein may 
be exposed and sutured, or perhaps an injured bile-duct repaired In 
any event, it can at least be arranged that only so much of the vessel is 
cfeiwpm’ as IS necessary’ to stop h •e/norrtmffo 

Gunshot wounds and stabs in civnl life should always be explored, 
because of the hkelUiood of associated mjunes and because exploration 
gives an opportunity of anticipating sepsis The entrance wound 
must be excised, but it w ill geneiplly be necessary to open the peritoneal 
cavity by a more conveniently placed incision 

Subcapsular injuries — If this type is found, the capsule over it 
should be divided bver debris and clots removed, and the rent dealt 
w ith by suture, or as already desenbed 

Late interference in liver wounds — Operative interference may be 
considered necessary after a delay of some days In these circum- 
stances, if there is no active hxmorrhage, it is wisest to be content to 
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remove debns and dots and to provnde drainJ^e Unless for some 
special reason secondarj suture should not be attempted 

INJURIES TO THE GALE BLADDER AND BILE DUCTS 
These are usually associated \uth mjunes of the liver but may 
occur independently The usual sites are show n in Fig 401 If free 
bile IS found on exploration of the pen 
toneal cavity the gall bladder and ducts 
must be carefully inspected and the 
complete extent of the damage determined 
before the obvious injury is repaired Wlien 
the gall bladder is mjured the tear can be 
sewn up or used for drainage ortheviscus 
can be removed Complete severance of 
the cystic duct is best dealt with by 
cholecystectomy An attempt must alwavs 
be made to repair the deeper ducts The 
ends are apt to retract and be difficult to 
find The aim should be end to-end 
apposition after freshening the tom mnr 
gins External drainage must be provided 
in every case and is all that can be done 
if the tom duct cannot be located Sub- 
sequent management is dealt with on p 
882 

After treatment — Shock and the effects of hxmorrhage must be 
dealt with and these may require the transfusion of blood or glucose 
saline 

When to remove the gauze — Liver tissue does not repair rapidlv 
and therefore no attempt should be made to remove gauze packed 
into a rent for the purpose of arresting hxmorrhage sooner than the 
eighth day As long as fourteen days may elapse before it can be 
removed without running the nsk of restarting bleeding The gau e 
should first be loosened gently by pulling on the edges and at the 
least sign of hxmorrhage the process must be stopped and forty -eight 
Iva’is?. t*! eli^se, be.Cose. a. tu.rthfc'C attempt made 

Comphcations — A mild but insidious form of scpsts frequently 
occurs It mav dear up in a week or so or be associated with a 
fatty change in the liver which often goes on to a fatal termination 
as one of the forms of Liver Death Secondary hamorrbage is not 
uncommon from the seventh to the twenty first day If at all senous 
no time should be lost in exploring the wound under anxsthesia It 
is to be treated by deanng out ^ clots and debns from the gauze 
tract with a sharp spoon used gently The area should then be 
packed with strancE of dry gauze soaked in turpentine all excess 
being first squeezed out and care being taken to protect the surrounding 
skin from the imtation of the chemical Hor:t serum mav be used 



Fig 401 tnjunei to the 
gall bladder and ducts 
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in the same way Biltarv fistula, if from the Iner substance, will heal 
spontaneously, though it may take a long time , if the larger ducts 
have been injured secondary operative interference may be required 
If bile IS passing with the feces, there is a fair probability of spontaneous 
healing, even after many months 
Results. — Statistics on the results of operation for injuries of the 
liver are very difficult to compile because of the frequent association 
of other injuries, and because, as a rule fatal cases are not reported 
These accidents are extremely dangerous and when the> are severe 
enough to demand operation the mortality is probably betv een 75 and 
85 per cent Some of the conditions met with are so serious that they 
are of necessity fatal and no operative interference however prompt, 
can save life Death usually occurs earlv, as the result of ha;morrhage 
or shock , later, it frequently due to sepsis and its consequences 
In civil life closed ruptures have proved more serious than gunshot 
wounds and stabs 

LIVER ABSCESS 

There are two principal vaneties of liver abscess (1) as a com- 
plication of amcebic dysentery usually called ' Tropical Abscess 
(2) following some other intra abdominal infection such as appendicitis 
Tropical abscess, due to the Entamaba JnstolyUea has rapidly 
diminished since the almost routine use of emetine in suspected cases 
However, abscesses due to this cause are still occasionally met with 
and sometimes in patients who have long left the tropics or who have 
never been abroad It is in such circumstances that the condition 
15 often for long unsuspected and may be overlooked In the second 
group, liver abscess following appendicitis mav be a sequel to those 
rare cases of pylephlebitis which recover Among other causes are 
typhoid infections and cholangitis Suppuration in a hydatid cyst 
may be indistinguishable from solitary abscess with some other 
retiology * 

Tropical Hepatitis and Abscess 
Preliminary treatment and aspiration. — The whole treatment of 
tropical abscess of the liver has been placed on a new footing since 
the value of emetine has become appreciated in the treatment of 
amcebiasis Previous knowledge was largely derived from cases much 
further advanced than are likely to be met with to day, and the 
treatment was based on the assumption that the pus of such abscesses 
was pyogenetic, whereas in the laige majority of cases it is stenie 
These abscesses are commonest m the nght lobe, but in about 40 per 
cent of cases they are multiple There is abundant evidence to 
show that they can recover spontaneously, and the aim of treatment 
at the present time is to imitate the processes by which nature brings 
this about 

One essential is to saturate the circulating lymph with emetine, 
wlncli is mimical to the amceba In some cases tins is all that is 
required and the pus becomes innocuous, and either disappears or 
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becomes mspissated When further aid is necessary, the tension in 
the abscess must be leheved so as to encourage an outpounng of 
emetme-saturated lymph from its walls and to allow of their collapse 
or contraction This is done by the withdrawal of pus This can be 
earned out more conveniently and safely by a synnge than bj an 
aspirator A large 20 cc Record wath a long needle of wide bore 
answers very well Several ^nngefuls may be removed, but onlj as 
much as flow s easily should be withdrawn at one time The process 
may have to be repeated, but it is not essential that all the pus should 
be removed The routine treatment ought therefore to consist of 
(a) intramuscular injection of emetme hydrochlonde, 1 gr daily for 
ten days , (6) removal of pus either with a large explonng synnge or 
an aspirator The evacuation of pus may be earned out when the 
case IS first seen if there are urgent symptoms^, due to the size or 
situation of the abscess, but it is better deferred until a course of 
emetine has been administered If there is evndence of secondary 
infection, or the case is not domg well, open incision may be sub- 
sequently reqiured , but the preliminary or simultaneous treatment 
by emetine is necessary m all cases, and aspiration may further help 
to render subsequent open operation more successful 

Aspiration with siphon drainage has been warmly advocated by Sir 
Leonard Rogers, and it may be an advantage w here adequate care m 
subsequent dressing cannot be secured A speaal trocar with a 
flexible sheath is used and is left in the abscess cavnty, the tube being 
allowed to he in a bottle or basin of antiseptic fluid The instrument 
IS introduced after the situation of the pus has been determined. 
Only local aniesthesia is necessary, and the trocar can be removed m 
a few days, the wound healing rapidly 

Furtber indications for treatment. — \\Tiat follows applies to the 
treatment of (1) amoebic hver abscess which has not responded to 
treatment already outlined, and (2) iptrahepatic abscesses Irom 
other causes 

Open incision — In the localization of the abscess, X-ray examination 
under the fluorescent screen has proved invaluable, and should always 
be employed to supplement the ordmary clinical signs Before 
actuaffy operating, the surgeon must demonstrate the presence oS pus 
by means of the explormg synnge The needle should be of the size 
and length used for spinal anaisthesia ^\'hen there are good grounds 
for suspectmg an. abscess, one puncture should be made at the spot at 
which all the mdications point to pus If pus is found, it is better to 
be prepared to proceed with the operation, either at once or on the 
next day, further delay being inadvisable If an abscess which has 
been confidentlv diagnosed is not found by single puncture, the patient 
should be put under anesthesia, so that as many punctures as are 
necessary’ can be made, but no puncture should be made without 
careful consideration of the direction and the depth to which the 
needle is introduced When the abscess is thus located, the surgeon 
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cm proceed at once with its evacuation Abscesses on the summit 
of the right lobe of the liver and especially chronic ones may evade 
discovery by the needle m a remarkable way If there is sound 
evidence for believing that such an abscess is present and it cannot 
be found by the needle the abdomen should be opened and if the 
diagnosis be then conhrmed the necessary operation should be per 
formed for the evacuation of the pus either through the same incision 
or by some other approach 

The route to be employed for the treatment of abscess depends on 
its situation In those rare cases m which the abscess points externally 
it should be opened m that situation and it will then simply be a 
question of making an incision for the introduction of a tube 

Abdominal route — If the abscess presents doivnwards it must be 
opened by an abdommal incision over the site of the swelling This 
may be vertical either in the middle line or through the rectus muscle 
If the abscess is on the under surface of the right lobe a transx erse 
incision ]ust below the costal margin is very convenient Should the 
abscess be found adherent to the parietes the adhesions should not 
be disturbed and direct opening should be made into the cavitj If 
on the other hand the abscess is not adherent the incision must be 
so enlarged that an opening cm be made directly into its cavity 
without obliquity The area must then be packed off with gauze 
and the abscess incised the surgeon taking great care if it is near the 
border of the liver that he does not thrust any instrument right 
through that organ to its under surface When the abscess is emptied 
it may be possible to place one or two catgut sutures between the 
liver near the margin of the opening and the parietes In any case 
the tube should be wrapped round with gauze and as far as possible 
made quite tight m the opening Or gauze should be packed between 
the incision in the liver and the tube II it has not been possible to 
suture the liver to the parietes gauze must be carefully packed round 
the tube to soak up any discharge that may escape by its side and to 
encourage the formation of adhesions to wall off the drainage track 
In either event the remainder of the parietal incision is closed by 
suture and in layers if the condition of the patient admits otherwise 
ij’ through attd through sutures ol jjJkwzvro gut 

The transpleural route —Tlus is the most convenient method of 
approach for those abscesses which arc situated on the upper surface 
of the liver and which so often raise the dome of the diaphragm 
The incision must be so placed that its centre will be dircctl> o\er the 
abscess so as to avoid reaching the latter by a long oblique track 
Tor instance if the abscess is m the posterior part of the li\er the 
incision maj cross the posterior axillary line along the 9th or 10th nb 
in the mtdaxillar> line the 8th or 9tb and in the anterior the 7th 
or 8tli In manj cases the diaphragm is so high that the lung is 
pushed out of the way and the two surfaces of the pleura are m close 
contact or c\en adherent In an> event the surgeon must take great 
care not to separate the lasers of the pleura An incision J to 4 in 
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long is made m the line of the nb tvhich is to be remoted, and a rather 
lesser length of the rib is resected subpenosteally. The periosteum 
on the deeper surface and the subpleural tissues Ij ing beneath the 
nb are nosv incised along the same line without regard to whether the 
pleura is opened or not One or two sutures of catgut on a rounded 
fuU-curve needle are now passed deeply, so as to attach the panetal 
pleural tissues to the diaphragm. (Fig J02 ) The ends of the suture 
are purposely left long and drawn gently towards the surface, so as 



to prevent any separation of the pleural surface and to steady the 
diaphragm \ihile being incised. The incision is now deepened in tlie 
same line and the pleura opened along the whole length exposed. 
The upper pleural surface of the diaphragm wall be recognized, as its 
muscular fibres can be plainly seen through its serous covering If the 
pleural surfaces now tend to separate, one or two additional sutures 
of catgut are passed between the parietal tissues and tlie diaphragm, 
in order to beep them in contact Tlie latter is then incised for a 
length of about IJ in. A vessel will probably be dhided and m.iy 
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require ligature As soon as the under surface is reached pus may be 
found ortheremaj be inflammatory adhesions or the deeplj congested 
liver may come into view If desired the In er may be palpated or 
needled or examined in any w ay In the absence of adhesions a strand 
of gauze may be gently introduced between the lower cut margin of the 
diaphragm and the liver so as to discourage escape of pus into the 
hepatic pouch but this is usuafly unnecessary as the liver seems to 
be pressed against the diaphragm either bv the tension of the abdominal 
contents or by cohesion 

To open the abscess a pair of sinus forceps is gentlj thrust into it 
or a hnife may first be required if it is evidently surrounded bj a 
firm capsule as sometimes occurs in the chrome \ arieties The rubber 
tube of forefinger size must be in readiness and is introduced into 
the cavitj b} the side of the forceps It only requires to be long 
enough to reach well mto the cavitj and to project ^ in be>ond the 
skin For better secuntj it should be fixed to both margins of the 
skin bj a traversing silkworm stitch and should also be furnished 
VN ith a large safet} pm As a rule the tube w ill convenient!) occupy 
the middle of the panetal incision in which case the extremities of the 
latter should be drawai together b) one or two silkworm sutures 
passed deeplv so as to include the structures down to the depth of the 
nb but the skin must not be closed tightl) round the tube 

^Vhen multiple abscesses are known to exist at the time of the 
operation it maj be possible to break down the walls between them 
from the cavitj first opened or thej may be reached b) independent 
incisions ormij be treated bv aspiration WTien the> are discovered 
or develop dunng convalescence the problem of their appropnate 
treatment will not be altered b) the method of treatment of the 
existing abscess 

The extra serous route — Attention was espcciallj drawn to this 
method by Clairmont of Zunch * It has been further developed b) 
Alton Ochsner and others (1939) and has given good results If the 
abscess is situated postenorl) even if in the dome of the liver it maj 
be possible to reach it b) the posterior extra serous route Local or 
general anaesthesia ma) be emplojed The patient is placed on the 
left side m the renal position and an incision made along the length of 
the 12th nb which is excised subpenosteall) The pleura crosses the 
neck of this nb and may be in less danger if the neck is div ided instead 
of disarticulated An incision is then made across the bed of the nb 
transversel) outwards opposite the spine of the first lumbar vertebra 
and IS prolonged backwards to the edge of the erector spmai (Fig 
403) In this way the pleura is avoided Wlien the muscles are 
divided the perinephnc fascia is exposed and is displaced downwards 
with the kidne) The finger now enters the bed of cellular tissue 
between the upper pole of the kidnej and the under surface of the 
diaphragm B) vs orkmg upw ards w ith the finger in the cellular tissue 
the region of the abscess ma> often be reached and opened Q dema 

• 4 U C» Semi w lx S5 
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incliMtes that pus is not far awa\ As a rule the absces-. cm lie 
reached b> the finger, but it ma> be necessary to use an e\nlonne 
needle followed b\ sinus forceps If the abscess is high in the liver 
(1 ig 402) a tube u«ed for drainage maj be kinked in its rather long 
course to the level of thb I2th nb In these circumstances multiple 
strands of gauze maj be used instead of a tube The) are removed 
one at a time over about a week By the time all the strands are 
remov'ed the track wall be well established and a tube may be intro- 
duced if the amount of discharge seems to require it 
Operation m two stages — ^This method can onl) verj seldom be 
nccessar), but if there is evidence that a liver abscess is infected with 



Fig 403 — Extra wrous route for posterior sub-phrentc abscess 

a Virulent strain of pvogenic organisms it maj be considered wise 
to protect the pentoneum or the pleura before it la mcised Tlie liver 
IS exposed and the wound leading to the site of the abscess is packed 
with gauze, a small quantitj being placed between the panetes and 
the surface of the organ to encourage adhesions Tlic second stage 
should be deferred for as long as fourda^s if possible fortv-cight hours 
being the minimum After the gauze is removed the liver ma\ be 
incised or punctured and a tube introduced 
After-treatment. — The wound should be dressed with gauze soaked 
in a reliable antiseptic A wiiteij solution of 1 1,000 pcrchlonde of 
mercurv is the best depot antiseptic for this purpo>e Wiilt the 
discharge is copious the dressings must be frequcntl) changed Tliough 
It IS desirable to remove the tube as earlv as possible, it must usuallv 
remain for seven to ten dajs, the tunc depending on the amount of 
discharge It mav, of course, be shortened dunng the interval, 
especially if it tends to be pushed out 
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If the cavity is unusuall> slow in healing it 0113 be gentl> irrigated 
\\ith qliinine (one drachm of quinine bih 5 droclilonde to one pint of 
sterile water) «hich is an efficient antiseptic and may do good whatever 
the type of infection Most of the complications are due to secondan 
infection or are associated with the development of further abscesses 
either in the liver or elsewhere Empyema is not an infrequent 
complication in the non tropical vanety In the amcebic cases 
emetine must be continued and steps taken to deal with the remaining 
bowel infection WTienever possible the patient should remain under 
observation for some time after the operation as early relapse some 
times occurs 

Results — Published statistics give a mortalitv m tropical abscess 
of 14 4 per cent as the result of treatment by emetine and aspiration * 
In 1984 Ochsner and De Bakeyf reported a mortality rate of 19 5 per 
cent for open operation and 4 1 per cent for conservative treatment 
\Vhen the combined treatment is better understood and more generally 
applied this mortality will probably be greatly reduced 
It IS fallacious to compare these results with the old statistics of 
the open operation raanv of which date from the time before the value 
of emetine was understood In future the open operation will probably 
only be required in a more senous type of case which has not responded 
to other methods and the operative mortality may possibly be higher 
but with a proper technique and the necessary care to prevent secondary 
infection very good results may be anticipated Recrudescence of 
liver abscess may occur even years after successful treatment and 
when the patient has left the tropics 
In abscesses not due to the amoeba the condition is much more 
senous The mortality which is high (50 per cent ) depends largely 
on the causative factor the organism concerned and the number of 
abscesses 
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Hy datids mav be found in any part of the liver but much more fre 
quently m the nght lobe Broadly speaking they may grow mainly 
upwards towards the dome or mainly downwards towards the abdomen 
In parts of the w orld where this disease is frequent it is often recognized 
with considerable accuracy botli in its nature and exact position 
but in Great Britain it is more often discovered accidentally and 
especially when some complication such as suppuration occurs in a 
cy-st of moderate size and first draws attention to its presence Hy datids 
are multiple m CO per cent of cases not only m the same organ but 
in different parts of the body Before any contemplated operation it 
IS therefore important to make a most careful examination with this 
possibilitv m view The X ray is a valuable help and will sometimes 
show both cysts and daughtcr-cysts 
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Indications — \s, ^et there is no method known b\ winch Inditids 
can be killed in situ and as (hej tend to prow and to disseminate their 
presence is an indication for treatment But complicated problems 
ma> be in\ oU ed and each case must be considered on its merits Pam 
or tenderness, rapid increase in size the as ociation of pleuns\ or 
jaundice or s\mptoms suggesting suppuration are all indications for 
earh surgical interference 

Gioice of operation — Open operation has for Uie time being super 
seded all other methods of treatment but where thtre an. multipk 
hi datids aspiration followed b> the injection of I per cent formalin 
ma\ be considered The pnnciple undcrli mg aJI the operative method 
w the thorough and complete removal of the parasite (true evst) 
vvathout contamination of the surrounding parts Tlic treatment of 
the adventitious capsule (faUe c\bt) admits of much variation The 
methods in \ ogue at the present time arc — • 

1 Removal of parasite filling the qavitv with saline and complete 

closure — Harold Dew 

2 Removal of the parasite and drainage of the adventitious 

capsuIe~«mrsH/ifl/i*<i/»o« 

8 Removal of the parasite and as much of the adventitious cap 
sule a.s po'Sible wath obliteration of what remains b\ «uture 
and closure of the abdominal wall without drainage — 
capttonnage 

1 Removal or enucleation of the whole evst together with its 
adventitious cap ule— ctrisioi/ 

E\cepl as a temporarv measure for the relief of urgent distress 
incision and drainage alone ic vntliout removal of the parasite must 
never be cmplovcd Tlic correct operation «uitcd to each cast can 
onU be determined after the evst has. Iwcn e\plored but though 
CNCision is ideal marsupialiration is probabl) the liest method in llic 
great majontj of cases 

General Technique — General ana=>thcsia should be tmplovotl a*; 
witli local there is a definite risk of anaphjlatic sliock Tlic surgeon 
must not be hampered b} too chort incisions and except whea sup 
puration is obvious an ample exposure is necessnrv There must be 
no idea of simplv cutting rapidK down on to tlic most prominent pirt 
ol the swelling and caiT>ing out '^ome dramatic intervention Tlic 
most direct incision will gcnerall} be the right one and it is usuilh 
best made over the most prominent part of the swelling Tlie exact 
incision will dejicnd upon the position of the cjst and thi<; must pre 
vaoush be determined bv clinical and radiological mvc-stigatioti Iti 
the majontv of cases an anterior para median or trans rc< tus incision 
answers verv well tliough for smaller evsts the oUique sul)Co.td 
incision of Kocher ma> be better WTicn tlic evst is sitintcd m the 
dome of the liver the transpleural or posterior extra-serous ipjjfoach 
should be emploved (pp TCI 7C^) 

Tlie cj sts are often multiple and when there art nocontn indicatiou^ 
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such as suppuration or extensive adhesions, the first step after opening 
the abdomen should be to palpate both lobes and both surfaces of the 
liver As a rule onl> one cjst should be dealt with at a time, but this 
partly depends on the size and relative position In all h\ datids, it 
must never be forgotten that the fluid vnW almost certaml} contain 
active elements which, if they escape into the peritoneal cavit> 
or soil the wound, may give nse to secondaiy hydatids with all their 
attendant possibilities ^Vhen the incision has been made down 
to the hydatid, the first step is to protect the wound and the pentoneal 
cavity by careful packing with gauze Professor Dew of Sydney, 
whose experience in the surgery of hydatid diseases is unrivalled, 
suggests that the superficial laj'er of gauze should be black because it 
is so much easier to detect hy datid membrane or tiny hy datids against 
this background When the gauze has been suitably arranged, it 
should be thoroughly moistened with 2 per cent formalin solution 
This will be taken up by the gauze and will act as a sterilizing agent 
for the infective material If some of the formalin does soak through 
the gauze, even into the pentoneal cavity , it does not appear to do much 
harm and its value certainly outweighs this possible di5ad\ antage If the 
hy ditid IS found lax, a couple of sutures of catgut or silk may be intro- 
duced into the adventitia on either side of the proposed incision These 
should be used to act as guys to prevent unexpected retraction of the 
cyst, and also to draw the cyst up into the wound during evacuation 
If, on the other hand, the cyst is very tense, it is better to omit the 
guys until the tension has been reduced by evacuation of some of the 
contents ^Vhlle this process is taking place the cyst is kept against 
the wound by' the pressure of the hands of an assistant on the neigh- 
bouring abdominal wall A fine aspiration needle is introduced and 
enough fluid withdrawn to reduce the tension The wav the fluid 
escapes is some little guide to the type of hydatid If it flows freeh 
the cyst is probably univesicular, but if only a small quantity escapes 
It probably means that there are daughter cysts and this is confirmed 
if more fluid is withdrawn when the needle is thrust farther After as 
much fluid as practicable has escaped an effort is made to kill any free 
hydatid elements by injecting full strength commercial formalin into 
the cy'st through the same needle About See for a cy st of a diameter 
of 10 cm IS a suitable quantity With the needle still tn silu, the 
surgeon waits for from five to ten minutes in the expectation that the 
formalin w ill diffuse among the remaining fluid and will help to kill the 
parasite After this process of formalization, the hydatid should be 
incised sufficiently to admit the nozzle of a suction apparatus which 
should have a bore of about 15 mm With such an apparatus, the 
\\ all of the motlier cyst may be sucked into the instrument, or may be 
drawn into the nozzle and imprisoned and can then I>c withdrawn 
Small daughter cysts will Very’ readily traverse the trochar and will be 
found m the reservoir Having removed as much as possible by this 
means, the surgeon must satisfy himself that all the secondary cysts 
and the whole of the lining membrane have been withdrawn A long 
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sponge handle is a ^ ery useful instniment for getting hold of consider- 
able portions of membrane, while smaller pieces or tmj cvsts raaj be 
entangled m dr> ^uze used with the sponge handle and gentlj rotated 
inside the cjst \\Tiene\er possible, the interior of the ad\entitia 
should be inspected in order to be sure that the whole of thed^bnshas 
been removed, for this purpose a strong headhght is \er\ helpful 
\Mien the surgeon is assured that all the parasites have been removed, 
the intenor should again be swabbed with 2 per cent formalin Redun' 
datit adventitia ma^ then safeK be cut awav but the temptation to 
try to remove the whole of the ectocyst must be resisted 
The stage has now arrived at whidi the surgeon must decide how 
to complete the operation that is to sa\, whether one of the closure 
methods is to be employed or whether the cavity should be drained 
If the cyst is obviously infected — which will be indicated not only bv 
the character of the fluid but by its odour — or if it is incompletely 
emptied or if the fluid contents are stained with bile, then drainage 
IS the only safe method In fact, it may be said that for those who 
only have to deal with hy datids occasionally it is a sound rule to dram 
when in doubt The altemative.plans av^able are — 

Method I — ^The adventitious cavity is filled with saline, completely 
dosed by suture and returned to the abdomen which is dosed without 
drainage If there is doubt about the secure dosure of the adventitia 
a tube should be brought from the neighbourhood -of the site of closure 
through the panetes to the surface 
Method 2 — ^This may be looked upon as the routine operation and 
IS the one most generally practised by surgeons who have a wide 
experience of hydatid disease The steps are (I) exposure of the 
cyst, (2) confirmatory puncture followed by formaUnization inasion 
and extra abdominal deliverv of the lax part of thecy’St, (8) removal of 
the parasite (4) marsupialization of the adv entitia 

After the cyst has been emptied as already descnbed, the edges of 
the incision in the adventitia are fixed with a contuiuous stitch to the 
peritoneum and muscle of the abdominal incision, and a thumb-sized 
rubber drainage-tube is brought from the cavity If there is much 
oozing of blood the tube may be packed round with gauze In most 
cases recov erv is rapid and complete Should it be necessary to reach 
the dome of the liv er, access is obtamed either by the jxistenor sub- 
serous route or the transpleural route after resection of a portion of 
nb as descnbed in the section on liver abscess (p 761) In order 
to dimmish the undoubted nsk of infection of the pleural cavitv by 
hydated fluid Dew advises a two-stage operation in non urgent cases 
Two or three weeks should be allowed to elapse between the stages 
The edges of the onfice in the adventitious cvst and the diaphragm 
should be fixed together by suture and, if the diaphragm is not 
attached to the panetes the ends of these sutures should be used to 
fix it Recovery la equally’ satisfactory by this method 
Method 3 —This method aims at the obliteration of the adv entitious 
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cyst bj suture, in order to do away with the necessity for drainage 
It can only be successfully employ^ when the cavity is of moderate 
size, as it IS necessary to reach to its depths to introduce the sutures 
The earlier steps are the same as have just been descnbed Afler the 
thorough removal of Ute -parattte and the swabbing out of the caxtty, as 
much of the adventitious cyst as can easily be dealt wth is cut away 
The walls of the remaining cavity are then drawm together by a super- 
imposed series of catgut sutures passed around the cavity commencing 
near the bottom and applied at just such an interval as will ensure 
apposition of the walls without pocketing Finally the edges of the 
incision in the liver are drawn together It is always wise to bring 
a small drainage tube or rubber tissue dram through the abdominal w all 
from the neighbourhood of the last suture This is merely a safeguard, 
m case there is a leakage of bile but the dram should not be removed 
until the abdominal incision is first dressed on the ninth or tenth day 

Method 4 — Complete excision or enucleation of the unopened 
hydatid together with its adventitia is certainly an ideal proceeding 
but it can seldom be safely earned out m actual practice Pedunculated 
hydatids sometimes lend themselves to this plan but m other circum 
stances the proceeding is likely to be as dangerous as it is unnecessary 
However prominent the cyst may be some part of it is almost always 
deeply situated in the liver sutetance and its removal in this way 
entails grave nsk of hsmorrhage and of biliary fistula WTien it can 
be earned out the area of the liver from which the cyst has been 
removed must be closed by sutures and if this cannot be done it will 
have to be m part obliterated and the remainder packed with gauze 
Except m the simplest cases the operation is not justified 

Combined operations — ^These may be required in certain cases 
When the cyst is very large it may be possible to cut awiy a consider- 
able part of the adventitious cyst, the remainder being marsupialized , 
thus the cavity is diminished and the penod of drainage shortened 
On the other hand the cavity may be so large and extend so far back 
that a second and postenor opening for drainage is an advantage 

Multiple cysts are to be suspected if the cyst does not yield as much 
fluid as might have been expected from its size or if the mam swelling 
does not dimmish after evacuation If possible they should be treated 
by opening one cyst from another, but m each the parasite must be 
removed if the operation is to be curative Sometimes each cj st must 
be dealt with separately , and this may necessitate independent panctal 
incisions or even repeated operations Very often the treatment of 
one cyst encourages a second and perhaps unsuspected hydatid to 
enlarge rapidly and grow forward, demanding another operation soon 
after the first 

Operation in two stages IS only required if the cyst is so situated 
that it appears as though it would be impossible to bring it foniard 
to the abdominal incision even after evacuation Wien this method 
must be adopted, an attempt should be made to get some part of the 
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h\ er attached to the panetes, and gauze soaked m 2 per cent formalin 
(with any excess squeezed out) is then packed dou-n in contact with 
the c>st, so as to make a track from it to the surface A week or ten 
days later the gauze is remoaed under aniesthesia and the operation 
completed 

In suppurating cases when the haer is enlarged downwards, a trans- 
\erse or obhque incision earned back into the nght loin is eminently 
suitable, as it greatly facihtates drainage The postenor subserous 
exposure may be mo'^t suitable for those in the back part of the In er 
There is often some pentomtis o\er the cyst, and there may be adhe- 
sions but if not the pentoneum must be carefully packed off before 
the C5 St IS opened, because it is usually impossible to bnng the latter 
out of the incision when thickened by inflammation In spite of infec- 
tion It IS most important to be sure that the whole of the mother cj'st 
and any daughter-cysts are remoied, for suppuration cannot be rehed 
upon to kill them In these and all similar operations a head light 
maj be \erj useful 

In ruptured cyst, immediate laparatomy is the proper course The 
escaped effusion must be mopped out of the peritoneal canty' and the 
pnmary c\st treated by the method which seems best suited to its 
situation If possible the point of perforation should be made the 
drainage opening Cases in which rupture occurs into the ttscera are 
sometimes cured spontaneously, and hence the surgeon should not 
hastily interfere WTien the biliary apparatus is in\oIved, secondary 
cysts may be impacted m the common duct, and may have to be dealt 
with like gall stones m the same situation If cysts which have burst 
mto the hollow vnscera are opened a fistula may result and may' 
necessitate the separation of the cyst from the vascus m order that the 
perforations m the latter may be dealt wnth by suture 

Incidental remoral of hydatids — ^Every' now and again small hydatids 
are unexpectedly di«^overed m the liver m the course of some other 
operation Their walls are usually calcified If they do not obv lously' 
bear a relation to the symptoms for which the operation has been 
undertaken they are best left alone, unless they are in such a position 
that they may produce injurious pressure on the bile-ducts, or unless 
there is definite evidence of actmty. as shown by associate trouble 
They can often be enucleated entire, but this is not always «o simple 
as It looks, and there may be a good deal of hairaorrhage from the 
bed in w hich they he w hich may hav e to be dealt wath by deep sutures 
or by gauze packing 

After-treatment.— Great care must be taken to avoid secondary 
infection but this should present no difficulty if reliable antiseptic 
dressincs are apphed next the wound and are frequently dianged, wath 
proper precautions, as long as the discharge is abundant The tube 
can usuaUv be safely removed m a week or ten day s The amount ot 
discharge must be the guide, but the tube diotild be dispensed witn 
as soon as possible Suppurating cases may require a longer penod 
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of drainage, but in them the tube must be shortened until it is just 
sufficiently long to reach into the cavity If the discharge is slow m 
diminishing, ad\antage should be taken of gravity, and the surgeon 
must see that the patient lies for the greater part of each day with the 
opening dependent In some such cases a second incision may be 
required to ensure drainage in the most suitable situation 

Complications. — Mdd anaphylactic symptoms — e g cutaneous enip- 
tions, dyspnoea and asthma like attacks— may appear after some days, 
but usually disappear spontaneously, without treatment High tem- 
perature with or without ngors usually means infection The surgeon 
must at once make sure that the tube is draining freely for fragments 
of hydatid membrane may block it Fever w hicJi does not abate w hen 
free drainage is renewed may be due to sub phrenic abscess, empyema 
or even cholangitis ^\Tlen it is associated with increasing jaundice, 
the common duct must usually be drained In such cases the prognosis 
IS gra\e Persistent sinus may be due to («) a portion of hydatid left 
behind or regrown, (b) failure of the adventitious capsule to contract, 
(c) calcareous plates in the wall of the adventitia (d) an unabsorbed 
suture or even a lost drainage tube, a communication with one of 
the larger bile channels A gentle exploration with forceps may 
succeed m withdrawing fragments of iiydatid membrane Care must 
be taken to see that the external opening is sufficiently large and 
patent, and for this purpose a big self retaining catheter is useful 
An X-ray photograph may be helpful in dctennimng the cause If 
after three months the sinus remains unhealed, it should be explored 
under anicsthesia If no cause is found, an independent opening may 
be considered necessary' A mere track mav be treated bv Beck’s 
bismuth paste, but if there is any communication with the bilc-ducts, 
this method is not without danger 

Results. — Apart from the complicated cases, the results are verj 
good MacLaunn, of Sj dney , m a series of 70 cases, had 7 deaths, of 
which 3 occurred among 4 cases operated upon for rupture of the cyst, 
2 among 19 cases operated on for suppuration, and 2 cases otherwise 
complicated That is to say , no simple case died These figures refer 
to the operation of maisupinlization, and reflect the expenence of 
others who employ this method Harold Dew, also of Sy dney, points 
out (1939) that the mortality largely depends on complications In 
suppurative cases it approaches 20 per cent and with mtra pleural 
or inlravisceral rupture it nses to about 50 per cent The published 
statistics of the treatment by resection show a mortality of only about 
9 per cent This low figure is misleading, because the operation can 
only be done in selected cases and is probably only undertaken by' 
those specially skilled, whereas marsupialization is the operation most 
commonly emploved for every' type of case, including every kind of 
complication, and often by’ surgeons without anv special experience 
I.ate results — In many cases successfullv operated upon, further 
cysts develop This may be due (a) to the growth of cysts already 
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present but not detected at the tune of the pnmarj operation, (b) to 
infection from the fluid dunng operation (c) to the re-infection of the 
patient The development of other hydatids maj be delated for long 
periods (in some cases tnehe jears), and it ma> be that the scoleccs 
have remained latent 

Operation for Non-Parasitic C^STS 
In several reported cases the cysts have been pedunculated, and it 
has been possible to excise them safely Those situated m the sub- 
stance of the liver must be treated as for hydatids Multiple cystic 
disease of the organ is usuallj ^soaated with a similar condition in the 
kidneys and pancreas and is unsuitable for surgical intervention 


PARTIAL RESECTION OF THE LIVER 
This may be a verj simple or a most formidable undertaking depend 
upon whether the area to be dealt with is pedunculated or othennse 
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Though there are many conditions in which resection of the liver maj 
be looked upon as a legitimate surgical undertaking none of tliese occur 
frequently, but as the> maj be met with unexpected!} , it behoves tne 
surgeon to be prepared to undertake this operation at anj time 
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Indications. (1) Simple tumours — Those iisualU found are angio- 
mata or solid adenomata Some of the latter suggest malignant 
tumours of cpithclnl t) pe, and are knowm as hepatomata (Fig 40-1 ) 
Both t j pcs of tumour maj be quite localized and are often found in a 
pedunculated area or near the margin of the liver, with a tendencv to 
become pedunculated 

(2) Simple cysts and hydatids — Tliese are onl) suitable for resection 
when definitel) pedunculated Sometimes the connection with the 
liver IS narrow and tongue shaped 

(3) Malignant new growths, such as pnmarj sarcoma, priman 
carcinoma and some few cases of secondary carcinoma can be resected 
if a sufficient margin of health\ tissue can be taken awa> otherwnse 
the operation is valueless 

(4) As part of the operation for excision of malignant gall-bladder 
— Some surgeons hold that whenever the gall bladder is removed for 
cancer a wedge shaped portion of the liver should also be excised 
Others are content to reserve this excision for cases m which the liver 
IS involved bj direct extension The after history of cases of operation 
for malignant disease of the gall bladdershowa that when this condition 
can be recognized bj the naked e>e no operative treatment, whatever 
the tjpe, can be expected to bring about permanent cure, and there- 
fore, unless there are some very special reasons, it is not justifiable to 
incur the undoubted additional risk which resection of the liver involves 

(5) For direct extension of malignant disease from the stomach or 
colon — Usually onl) a portion of the edge of the liver is invaded, 
and the surgeon can often deal with this b) a comparative!) simple 
extension of the pnmar)' operation 

(G) For the removal of Riedel's lobe— The mere presence of this 
lobe is not in itself an indication for its excision, but removal may be 
required when it causes sv mptoms such as persistent dragging or pain, 
or when it has become an obsession to the patient The actual decision 
whether the lobe should be excised can onl) be made after the abdomen 
IS opened, and the surgeon must then satisfy himself that the anomaly 
has been the cause of the symptoms complained of, and further, that it 
can be removed without undue rjsV tn manj cases the sj mptoms are 
associated with disease in the gill bladder which can be dealt with 
effectively without interfering with the lobe 

(7) For some granulomata — Alany operations for excision of por- 
tions of the liver have been carried out under the supposition that a 
neoplasm was being dealt with, but subsequent examination has proved 
that the condition was syphilitic CunousU enough, the gummatous 
condition has often involved only a limited area, thus further leading 
to confusion with neoplasm Gummata art usually smaller than 
malignant nodules, their surface is rounded and not umbilicatcd, and 
there is more penhepatitis If the suigeon can recognize the condition 
as being of this nature at the time of the operation, there is no justifica- 
tion for carry ing out excision If real doubt exists, it would be better 
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to remove a piece for section and to perfonn a secondarj operation if 
needful The absorption of a localized gumma maj be greath hastened 
bv scooping out its softened centre, and this mav safel} be done if the 
'patient has alreadv been properlv treated for sj'philis without result 

Qioice of operation — The method can onl> be determined after the 
abdomen has been opened and the parts have been explored The 
ideal plan is to remove the growth and to repair the wound in the liver 
b\ suture Tormerlj it was a question of whether the tumour was 
sufficiently pedunculated to be brought outside the abdomen and the 
pedicle treated extrapentoneally Thia method is now seldom, if ever, 
emploved but it should be borne m mind, for it can be used vnth 
success if necessary The indications for its use may' be (a) a well- 
pedunculated tumour with a veo vascular pedicle such as is found in 
some of the angiomata or (6) the inexpenence of the operator The 
tumour is brought outside the abdomen and the pedicle transfixed by 
two stout needles Wyeth's pins or thick knitting needles will serve 
the purpose An elastic ligature (such as a piece of finerubberdramage- 
tube) 15 then wound tightly round the pedicle on the proximal side of 
the needles and the abdominal wall sutured The needles he on the 
abdominal wall pads of gauze intervening As a last step, the tumour 
IS cut away either bv knife or cautery, and the stump is dressed anti- 
septically In about a fortnight the pedicle vnll have become firmly 
adherent to the panetes and the process of its isolation will be well 
advanced so that the needles can safely be removed, but it is usually 
many weeks before the stump shmels up and heals over 
Technique. — ^The technique presents two problems — (1) the control 
of haemorrhage during the operation, (2) the permanent arrest of 
hemorrhage and the treatment of the liver wounds 

If Ihe tumour is pedujtculated, a clamp mav be apphed to its base 
The best vanety is a stomach clamp with longitudinal grooves and a 
good bow If such a clamp is slowly applied it may prove efficient 
without damaging the liver In some cases it mav be possible to use 
an elastic ligature as a tourniquet, and some surgeon* pass such a 
ligature through the liver and tie it on the proximal side of the proposed 
incision 

Uhen ihe iumoar is sessfie snd the line el incision most penetrate 
far mto the liver substance, the clamp can sometimes be effectually 
used if the liv er is not too thick, or the organ can be held and com 
pressed on either side of the proposed incision bv the hands of an 
a*«istant As the liver is divided clamp* may slip, and the hands of 
an assistant are often in the way , therefore it i* better not to rely on 
these method* but to pass a senes of sutures through the liver 
substance parallel with the line of the proposed incision and about 
I m from it by the method shown m Fig 405 The sutures of catgut 
(No S or 5) can be passed with a large curved mtestinal needle, or 
n‘'ht through the hv er with a straight needle, and tied as shown 
'in any event, it is neces*arv to make the actual mci*ion mto the 
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liver substance slowly so that any bleeding can be arrested as the 
excision proceeds The branches of the hepatic artery can be caught 
in forceps and tied Large venous trunks may be suirounded bj 
hgature with a round needle this is tied very gently as there is a 
nsk that it may cut its nay out and fail m its purpose After the 
excision is made apposition of the tno cut surfaces suffices to stay 
most of the bleeding as the blood pressure is so low but it is not 
always possible to bring the surfaces together e\ en v\ hen the excision 
IS in the form of a wedge \\Tiatever method is employed any area 
that bleeds after the edges have been brought together must be 
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controlled b} an additional suture here and there In some cases the 
excision has been made w ith the cautery or w ith the diathermy knife 
but these methods are slow and as a means of arresting h'emorrhage 
very uncertain In dealing with the actual case the \arious steps 
required are as follows — 

1 Adequate exposure 

2 Exploration and decision on the method of remoxal 

3. Tempatary coolxol of luEtuartba^c 

4 The actual excision of the m\olved area* 

5 Permanent arrest of hxmorrhaRe and repair of the liver wound 

G Toilet of the pentoncum and closure of the abdominal incision 

The parietal incision will depend on the situation of the tumour and 
the build of the patient The exposure must be adequate and for most 
cases some type of vertical incision will suffice but the surgeon must 
nexer hesitate to make a cross cut if additional room is required If 
the tumour is far back on the nght lobe then a long oblique incision 
an inch below the costal margin wall be the best It ma> be possible 
to obtain much help in the exyiosure from the rexerse Trendelenburg 
posture the elevation of the lumbar region and the dixision of the 
tnangular ligament As soon as the abdomen is opened the condition 
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must be carefully explored to determine the feasibility of remo%al 
For this purpose adherent omentum may have to be separated or 
adhesions to the panetes and the other viscera divided This may be 
done without hesitation for some of the most favourable cases are 
associated with such adhesions, and their separation may brmg an 
apparently hopeless condition within the range of safe surgical enter 
prise The adhesions may be very vascular and unless they can be 
ligatured are best severed with the diathermy needle If there is any 
question of malignancy, a careful search must be made, on the one 
hand for a pnmary focus and on the other, for further deposits in the 
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liver (Illustrations of the latter are the not uncommon cases of 
malignant gall bladder with direct extension to the liver, which could 
easily be removed by a moderate wedge-shaped excision, but in which 
a secondary deposit felt elsewhere m the liver renders excision value- 
less ) It IS most important to determine the relation of the tumour 
to the hilum and the incisions that will be necessary for its removal, 
as this part of the liver*raust not be encroached upon The gall bladder 
and cj^tic duct can of course be removed, if necessary \Vhene\er 
possible the part to be mased should take the form of a V, but to 
avoid going too near the hilum it may be necessary to leave the point 
of the V rounded or rectangular When the part removed is not too 
large the gap can be brought together by suture, but if this is not 
possible the apex may be dealt with in this w ay and the remainder 
left gaping In order to bring the edges of the V shaped gap together, 
sutures of strong catgut are passed over the hsemostatic sutures 
prev louslv introduced (Figs 405 406 ) The method is difficult to 
descnbe but ought to be easily understood from the figures If the 
sides of the liver wound cannot be approximated, then either the cut 
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surfaces may be folded on themsdves by interrupted sutures, or the 
gap may be left open when the suigeon is satisfied that the mam 
hsmorrhage has been controlled Every effort should be made to stay 
oozing, a good deal of which may he due to venous engorgement, which 
will stop %\hen the liver is allow^ to fall back into position Omentum 
packed into the space and fixed by a suture may help to arrest oozing 
In spite of great care, it may be necessary to leave in a gauze pack, 
and m order to exert pressure on the bleeding area, one or two sutures 
may be passed through the liver on either side, so that the edges of 
the gap may be draw n together over the gauze It will not be possible 
to remove the gauze with safety sooner than 10 to 12 days after opera- 
tion In all cases drainage should be provided lest there be bile 
leakage 

After-treatment. — This is exactly similar to that descnbed for cases 
of injury to the liver 

Results—- In recorded cases the immediate mortality, about 15 per 
cent has not been so high as might be expected, probably because this 
operation is only essayed by practised surgeons and after most careful 
consideration The remote results depend on the condition demanding 
excision Very large portions of the hver can be removed without 
interfering with the health and well being of the patient (the portion 
shown in Fig 404 weighed 2 lb 8 oz), and permanent recovery may 
be expected to follow operation for cysts and simple tumours In 
malignant disease early recurrence has so far been the rule though wth 
one or two notable exceptions 

OPERATIONS FOR CIRRHOSIS OF THE LIVER 

The Mayos have earned out splenectomy m some cases of cirrhosis, 
on the assumption that this condition may depend on metabolic 
poisons which are elaborated m the spleen With that exception there 
13 no surgical treatment for cirrhosis per se, but several plans have been 
devised for the relief of the consequent ascites Jlost of the operations 
are based on that devised and introduced by Dnimmond and Monson* 
in England, and independently by Talma and \an der Meulen m 
Holland To Rutherford Morison belongs the credit of establishing the 
operation on a secure footing and of publishing the first successful 
case, which w as operated upon m 1895 fhe object of the operation is to 
form new xascitlar communications bcliteen the parietal and portal icnous 
systems, and in that way aid the abdominal circulation and rehe\e the 
embarrassed portal \essels An endeaaour is made to bring this about 
by vigorously scrubbing the surface of the ll^e^ and spleen and the 
adjoining panetal peritoneum m the hope of setting up adhesions, and 
bj suturing the omentum to the abdominal w all 

Indications. — Drummond and Monson advised that their operation 
should be resera cd for ascites resulting from alcoholic cirrhosis, and 
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they stipulated that the patients selected should be free from cardiac 
or renal disease and should have wthstood several tappings ^Vhen 
these rather ngid indications have been observed the results have been 
very satisfactory In other types of ascites, often of undetermined 
origin, the results have not been so favourable, but there is no reason 
why the operation should not be tried when other methods hav e failed 
Success IS not to be expected, whatever the pnmary cause, unless the 
ascites IS mechanical and not merely toxic, nor if the patient is already 
suffenng from cholsmic symptoms For Banti's disease with ascites 
omentopexy should be combined with splenectomy and has contributed 
to the not infrequent successes 

Choice of operation. — The after histones of suitable cases treated 
by the Drummond-Monson operation have been so satisfactory that 
it remains the method of choice Attempts have been made to treat 
ascites by pentoneal drainage into the cellular tissue of the thigh 
through the femoral opening* or into the subcutaneous tissues of the 
abdominal wall (Paterson), and these operations have been attended 
b> an encouraging measure of success They have the advantage of 
being simpler than omentopexy, and can therefore be earned out with 
little nsk in debilitated subjects There is the further point that, 
if not successful, there is nothing to prevent subsequent performance 
of the complete operation of Drummond and Monson Direct anas 
tomosis between the portal and systemic veins (Eck s fistula and 
anastomosis of mesentenc and ovanan or other veins) is not physio* 
logically sound, and though both hav e been performed with temporary 
survival, the methods cannot be looked upon as within the realm of 
legitimate surgical enterprise 

Preparation. — These patients are often bad nsks, and a week or two 
should be spent in preparation They should be kept in bed so that 
they get accustomed to lying on their backs Bowel action should 
be free, and efforts made to overcome distension Digitalis, nux 
vomica or strychnme should be substituted for the accustomed 
stimulants The abdomen should be retapped about four days before 
the intended interference 

Technique. — It is difficult to perform the complete operation properly 
without a general anassthetic The onginal operation devised bj 
Drummond and Monson composed three definite steps . 

1 An attempt to promote the formation of adhesions between 

the liver and spleen and the parietes 

2 Fixation of the omentum to the abdominal wall 

3 Drainage of the pentoneal cavntj 

The mcision is a median one from the ensiform to within an mcli or 
so of the umbihcus The pentoneum is actually opened to the left of 
the middle line in order to avoid the round ligament of the hver with 
its enlarged vems, and the incision stops sliort of the umbihcus with a 
view to avoiding mjurj to the caput medusce On opening the pen- 
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toneal cavity the first step is to inspect the liver, in order to venfj the 
diagnosis This done, a small independent opening is made just above 
the pubes, and a Keith's glass tube is introduced into Douglas’s pouch, 
where it remains Any fluid which does not escape in this vay is 
soaked up in mops or removed with the suction apparatus The escape 
of the fluid and the inspection of the viscera are facilitated by the 
reversed Trendelenburg position As soon as the fluid is removed, the 
surfaces of the liver and spleen and the adjoining panetes are roughly 
scrubbed with gauze with the deliberate object of injunng the endo- 
thelial covering, thus encouraging adhesions The omentum is then 
fixed to the posterior surface of the abdominal wall about 8 in on 
either side of the midline incision, and again about the same distance 
below the umbilicus This is best done by silkwonm-gut sutures 
passed through the abdominal wall and tied outside o\er gauze dossiU 
(Fig 400 ) The omentum is also caught and sutured to the peri- 
toneum during the closure of the inasion, which is to be done with care, 
as ventral herma has often been an unpleasant sequel As a last step, 
the abdomen is carefully strapped and firml 3 ' bandaged from above 
downwards in order to Keep the panetes and viscera m contact 
After-treatment. — From the first, the patient must be kept propped 
up m bed to encourage all fluid to gravitate to the pchis The most 
important consideration is to guard against sepsis Antiseptic measures 
must be employed, and the gauze around the tube and co\enng it, as 
well as the synnge for wfthdrawng the fluid, should be kept in a solu- 
tion of perchlonde of mercur)» 1 1,000 The gauze round about the 
tube will soak up some fluid, and should be changed when soiled 
The fluid which accumulates in the pelvis must be \ntlidrawn, at first 
e\er>' hour, and subsequently at increasing intervals It soon 
diminishes so much that only half an ounce or so can be withdrawn 
by the sj nnge every four hours WTien this stage am\ es, it is sufficient 
to apply antiseptic gauze over the mouth of the tube and to change it 
as often as it becomes soiled The glass tube should be rotated twice 
daily to prevent omentum getting entangled m the holes and to release 
any masses of lymph which may block them A rubber tube may be 
substituted for the glass one about the fourth day , one that will just 
easily occupy the lumen of the Keith’s tube is slipped into the latter, 
which IS then removed After the substitution of the tubes, the patient 
may be moved in bed more freely' All drainage can be dispensed with 
about the tenth day 

The greatest danger is from choljemia, which may’ come on about 
the second to the fourth day’, this is guarded against by’ early and 
free purgation and by abundance of liquid by the mouth and the 
intravenous injection of 5 percent glucose solution or, if response is 
tardy, blood transfusion As soon as the risk is over, the amount of 
liquid taken should be diminished as much as possible There is some 
risk of pulmonary complications, and the patient should be encouraged 
to take deep breaths and to cough systematicalK Unless there has 
been some leakage of fluid through the median incision, this need not 
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he drt-'^ed untjl the t\\ent> first dn when the omcntil fixntion 'uturcs 
max he remoxed At the end of a month the patimt max leixe IhhI 
hut the upper abdomen should be kept firmlx bindaijed for some weeks 
Tliere is usuallx some re^nccumulation of fluid hut it is often n 
a!)sorbed and this process ma> be cncounge<l hj inunctions of 
stimulating ointments such as mcrcurx or cajKicum though it max h' 
necessar) to tap the abdomen once or txxice 

It is essential that the patient should abstain cntinh from all 
alcoholic liquors if the operation is to be permanently successful 

Complications. — \ cntral hernia has occurred in stx cnl of these cases 
and max be xtrx troublesome Operations for the radical airc of 
such hernias hax c prox cd dangtrous as there i> a t tndcncx to cholarnia 
for «ome time after the operation The abdominal wall i*. also tinusualK 
xa^cular as tht result of the xenous engorgtment '^omt of the malu 
patients haxe complained xerx much of inguinal hernia which lias 
usuallx been present before the operation but has botn ovtrshadowtd 
bx the more troublesome ascitcs Tlie fact tint such patunts art 
anxious for radical cure is perhaps an exadcncc of tiic incrca mg self 
respect whicli results from their restored health Tor ctsoplngcal 
xan\ causing humatcmosis ligature of the left branch of the coronary 
has been earned out 

Results. — The immediate mortalitx in suitable selecttnlca'ses is about 
15 per cent and symptomatic cures haxc been oblamxd in al)out 40 
per cent of the cases Rtcurrtncc of the ascites max follow a return 
to alcoholic habits but secondarx cure max again take place after 
suitable treatment • Two patients who were rapidlx going downhill 
m spite of careful treatment and repeated tapping are known by me to 
hixt been alive and pcrfe'ctlx well thirteen and thirty four ycarsj after 
operation 

Modifications. — The most important is the omission of the drainage 
tube Till much simplUies the after treatment but the fluid often 
re accumulates at first an I the abdomen max haxe to lx? tapjHal sp\eral 
times in the tirst few weeks or months after tlie operation *^010 
ojierators fix the hxcr edge to the pinctes bx suture rather than rdx 
on the possible formation of adhesions Occasionallx the omentum is 
shnxcHed up and lies close along the colon leaxang no apnn for 
fixation to the abdominal xsall In the^ circum-slances the transverse 
colon sliould be stitchetl to the panties Schias 1 raisexl a flap in tbc 
abdominal wall and fixed the omentum and spictn into a spacf nn le 
between the postenor surface of the muscles and the pentonmni 
wherexs \Iaxo introduced a portion of the omentum into a jxjcket madt. 
hx separating the jxastenor sheath of the rectus from its niiKle 
\arath s method aimed at combining subculaneHjus dramagi with tl e 
formation of new vascular channels an I for this purjKise he intreKhice I 
the omentum into the subcutaneous tissue of the aMommal wall 
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MISCELLANEOUS OPERATIONS 
Direct incision of the liTcr inay be required to inspect its cut surface, 
or for removal of a portion for microscopic e\ammation When 
possible, It is best to select some part of the border of the liver, and the 
incision should be wedge shaped Hiemorrhage can be controlled by 
the fingers on either side of the incision while the cut surface is being 
inspected It must be remembered that the appearance is greatly 
altered by the consequent ana;mia A diathermy knife may be used 
instead of a scalpel and will usually control the bleeding The liver 
wound IS dealt \vith as alread> described 
The insertion of radium should only be earned out through an open 
incision and wth the part to be treated fiillj exposed The containers 
are passed into the tumour m vanous directions, attention being 
especially paid to the penpher> The stnrjgs from the several tubes, 
are then collected and brought out of the abdominal incision by the 
shortest route through the lumen of a piece of rubber drainage tubing 
{See Vol II, Radium ) 

Operative treatment of pylephlebitis. — The acute variety is almost 
invanably fatal, and the mortality is not hkclv to be diminished by' 
operation On the other hand, the subacute and chronic varieties are 
not so fatal as was formerly thought and it is very questionable if 
operation is likely to improve the recovery-rate There is reason to 
hope that some of the new sulphanilamide drugs may influence this 
condition Tlie first essential is the treatment of the focus, and in 
what follows It IS assumed that this has already been done Ligature 
of the portal vein must be expected to be fatal unless some previous 
communication hxs been established between the portal and systemic 
circulations If operation is decided on, the liver should be exposed 
and some pus removed from the infected area for tlie preparation of a 
vaccine The area should then be covered with gauze, which is left 
tn stlu, so as to encourage the formation of adhesions and to establish 
a direct track to the surface The omentum should be fixed to the 
abdominal wall and to the edges of the parietal incision, as m the 
operation of omentopexy for ascites {qi) Three wcel^ later, if 
rigors still occur, the trunk of the portal vein may'’ be tied as it lies 
m the edge of the gastro-hepatic omentum In some few’ of these 
cases a localized abscess ultimately' forms and has to be drained 
WTien the focus of infection is in connection with the appendtx, it 
might be more rational and useful to excise the cacum and low er part 
of the ileum together with the venous area involved, as in the Jamieson- 
Dobson operation for malignant disease of the cacum 

Injuries to the PortaL Vein 

These may occur as the result of external trauma or during operations 
on the bile-ducts, or a portion of the wall of the vein may be deliberately 
excised during the removal of tumours Unless preparctl for and 
especially’ guarded against, the hxmorrhage will alarming, dark 
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\ enous blood w ejling up m large quantities The first step is to control 
the h-emorrhage temporanlj b> immetlnteh thmstmg a hngcr or 
fingers into the foramen of Winslow and lifting the \ em forw ards Tins 
alone ma> suffice to sta\ the haemorrhage but if not the bleeding 
point mav be compressed between the finger and thumb \notherphn 
IS at once to thrust a laigc arterj forceps down to the neighbourhood 
of the bleeding point taking a grasp of ail the structures m the \ icinitt 
This may stop the hnemorrhage but many event it provides a mean'. b\ 
which the involved area can be drawn nearer the surface and furnishes 
a handle for fixation of the deeper structures But this step is only 
for desperate cases and as a life saving measure because the bile ducts 
or the duodenum may be scnously crashed Its object is to emble 
the surgeon to search for and discover the actual site of injury and as 
soon as that has been done the blindlv appheti forceps must be remov c 1 

The hxemorrhage ha\ing been temporarily arrested the next step k 
to remov e the escaped blood and clots and to secure proper exposure 
The exact site of the injury must now be cartfully «ought and dealt 
with A small tear may be caught in forceps and a lateral ligature 
applied the ligature material should be fine silk or celluloid thread 
as thin catgut cannot be drawn tightiv enough to get a secure hold 
If this cannot be done long forceps can safely be left tn sttii provided 
they only occlude the actual hole m the vein i e thev must bo dis 
engaged from any other portion of the vein or other structure which 
they hav e in their grasp Forceps left on in tins way ‘•hould be loo^netl 
at the end of seventy tvio hours and may be remoicd four hours later 
if there is no further bleeding Long lateral tears or deliberate incisions 
may be successfully sutur^ by a continuous stitcli of thm catgut 
(0/0 chromic) passed watli a fine round needle If the vein is almost 
divided across the remammg channel must be spared at all costs as 
the merest trickle of blood reaching the liv cr la far safer than occlusion 
\\’hen the vein is completely divided it may be possible to repair it 
by end to-end suture using fine catgut Tlie condition of the patient 
and the circumstances of the case must determine the course whicli 
the surgeon takes in the face of this calamity but the patient must 
never be allowed to die from unarrested hxmorrhage 

Deep bleeding about the hilum of the liver is not alwavs from the 
portal V ein Smaller v csscis may be caught and tied or forceps left 
on and oozing may be treated by gauze packing Some of the most 
desperate looking accidents of this kind have had a happy ending 
when tlie surgeon has tackled the problem courageously while many 
patients who have been left to their fate might have been «ved Im 
mediate blood transfusion will usually be necessarv after tin- bleeding 
has been arrested 

IvjURlES TO THE ARTERIFS 

The<« accidents usuallv occur during the performance of cholecystec 
tomy Probably they are moatly due to abnormal position of the 
ves«eL It has been shown that m about 40 per cent of subjects some 
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vessel, either the right hepatic or the cystic, or an accessory cystic 
artery, passes in front of the common duct or the common hepatic 
duct (Fig 896, p 760), and is therefore very liable to injury * It is 
surprising what severe bleeding may come from a divided cystic artery 
Ligature of either branch of the hepatic artery is very serious and is 
usually followed by fatal necrosis of the liver Contemplation of this 
accident only serv'es to emphasize the possible risks of removal of the 
gall-bladder, and is a further warning of the need for great care in 
performing this operation However, m the presence of bleeding, the 
vessel must be caught, in spite of possible consequences, as the patient 
cannot be allow ed to die of hjemorrhage What has already been said 
m the previous section applies here and it is most important that only 
the actual bleeding-point should be occluded The lateral ligature is 
difficult to apply to an artery, and if this seems indicated because of 
the nsk of occluding the hepatic, it will be safer to leave an artery 
forceps :« sihi, or to do so in addition to the ligature When artery 
forceps are leh on important vessels their handles should be tied 
together with strong silk, as they sometimes spring open without 
interference. Sometimes a silver clip, such as is used m cranial 
operations, may be applied to the bleeding point 

OPERATIONS ON THE GALL-BLADDER AND 
BILE-DUCTS 

Surgical interference may be necessary to deal with infections, to 
relieve mechanical obstnictions, to remove gall stones not complicated 
by either of the foregoing to deal with other complications or con- 
sequences of gall-stones and with new growths of the gall-bladder or 
ducts, or for the relief of certain diseases of the pancreas 

General indications for operative interference. — Infection may or 
may not be associated with gall stones, and may be either acute or 
chronic Acute infections, such as occur in some cases of typhoid or 
paratyphoid fever, may rapidly subside, and all urgency disappear, 
yet operation may be the wisest course because so frequently the in- 
fection becomes chronic and remains a focus for systemic absorption, 
or gall stones subsequently develop, or the patient becomes a typhoid 
carrier Either in the foregoing circumstances or when infection is a 
complication of gallstones, the following are definite indications for 
operation right-sided pentonitis spreading from the gall-bladder 
region , recurrent rigors with persistent tenderness over the gall- 
bladder , distension of the gall-bladder, with pyre\ia, persistent 
tenderness over the gall-bladder quite apart from its enlargement or 
the degree of pyrexia In other cases there may be symiptoms and 
signs suggesting pancreatitis, and these, of course, indicate early 
operation 

Mechanical obstructions are most commonly caused by the impaction 
of a calculus m the neck of the gall-bladder, the cystic duct, or the 

• E R Flint Bm Jaun Sar(, April, l»Z3 z 509 
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common bile duct In either case, the onset will probably be attended 
by an attack of colic, and this may be followed, on the one hand, by a 
distended gall-bladder or, on the other hand, by jaundice With a 
history of gall stone attacks, the discovery of a distended inscus is a 
sufficient indication for operation, but it must be sought for just after 
the severity of the attack has subsided, which is the best tune to make 
the diagnosis It is true that such a distended gall bladder frequently 
empties itself, either becau^ the stone passes on or is released, or 
because the organ becomes adherent and leaks into one of the neighbour 
mg viscera This event allows the fluid contents and sometimes the 
calculi to escape, but more commonly the latter remain, though the 
presence of the communication with the bowel acts as a safety valve 
and relieves all symptoms In these circumstances, the gall bladder 
may slowly contract on the stone and at some period remote from the 
attack cause it to erode into the intestine, where it may be the cause 
of obstruction of the bowel Jaundice due to gall stones is a com- 
paratively late complication, and one that would rarely occur if the 
earlier symptoms of gallstone were more frequently recognized as 
indications for surgical treatment Intermittent or steadily deepening 
jaundice are both indications for interference 

Operation m the absence of infection or mechanical obstruction — ^The 
symptoms due to gall stones can be relieved m vanous w ays, but there 
IS no known method of medical treatment which will cause them to be 
dissolved or voided with certainty, and the only means of cure is by 
operation In some cases all the calcub safely traverse the ducts or 
pass through internal fistute into the gastro intestinal tract, but there 
IS no assured means {e\cept perhaps occasionally the X ray findings) 
of ascertaining whether or not this has taken place No interval of 
freedom from symptoms is enough to signify that the stones are gone, 
for they may give trouble again after many years There is further, 
the ever present risk of the onset of some compbcation Operation 
m simple cases carries a mortality of about 2 per cent , but in the 
presence of comphcations this rapidly mounts to about 10 per cent 
In quite a number of cases cancer ultimately de% elops m gall bladders 
which have for long harboured calculi 

It should be realized that whenever the biharj^ tract is diseased 
there is probably some disturbance of liver function, so that the choice 
of the best time to operate and the preparation of the patient are 
important matters 

The best time to operate. — Before any operation on the gall-bladder 
or ducts, some preparatory treatment is a great advantage There are, 
of course, certain cases of gall bladder disease, such as phlegmonous 
cholecystitis and perforations which must be operated upon as 
emergencies It is not ivise to operate during an attack of colic, nor 
is there any special reason for doing so, for there is \er} little risk of 
urgent complications, and pain can be relieved temporarily by other 
means Symptoms and signs of infection may dictate the time for 
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operation, but whenever possible it should only be done m an interval 
In the jaundiced case the surgeon should stay his hand in the hope 
that the jaundice may disappear or lessen and in order that the very 
necessary measures for diminishing the tendency to haimorrhage may 
be taken If the condition of the patient is improving, it is safer to 
defer interference until bile is fining its way into the bowel In 
deciding the very difficult question of how long it may be wise to wait 
for an attack to pass off. the history and progress of previous attacks 
may be a useful guide 

Preparation. — The necessity for the special preparation of patients 
about to undergo operations on the biliary tract has been recognized as 
important since the r61e of the liver in general well-being has been 
better appreciated and still more since it has been realized that in 
nearly all conditions calling for surgical intervention both the liver and 
pancreatic functions are deranged in some degree Unfortunately, 
there is no simple test for liver function which will give a reliable 
indication of those minor changes which may be so important 

No special preparatory treatment is necessary for patients who 
ordinanly enjoy good health respond satishctonly to their environ- 
ment and make quick and complete recoveries from their attacks of 
biliary disability Though no special pre operative treatment may be 
necessary, it is none the less unwise to take these patients off the 
street, so to speak, and carry out an important abdominal operation 
Even the mildest cases are better for a couple of days spent in hospital 
and probably in bed Wliere there is no urgency very stout people, or 
those who are merely bulky and indolent, can usually be got into a 
better condition for operation by a delay of two or three weeks during 
which time they are ordered a reasonable dietetic regimen, moderation 
in the use of alcohol and tobacco, and regular walking exercise The 
hygiene of the mouth and the treatment of chronic bronchial infections 
should also receive attention In all patients admitted to hospital 
it IS necessary to overlook the systems generally and especially to be 
assured that the excretory apparatus is doing its work efficiently 
Quite often, those just recovenng from gall-stone attacks are also 
suffering from the effects of morphia and the disabilities due to that 
efrug sftoufcf be overcome Speciaf prepanifiuir ts rmpenifft^ when 
In er or renal function appears poor, either because of the patient s 
tardy recovery after an attack of biliary illness or from the results of 
laboratory investigations Even in the absence of jaundice, such 
patients tend to be lethargic, there is often much wasting, they are 
dehydrated and generally dully, and should certainly be under treat- 
ment in hospital for at least a week before any interference Confine- 
ment to bed IS essential and this alone does much good, especially in 
warm, comfortable circumstances with a restful environment The 
bowels should be really well moved and the urinary output must be 
kept up to normal or increased, and for tlus purpose patients should 
be encouraged to take bhnd fluids m abundance— several pints in 
2i hours Nothing is better than water, though the patient ma_y be 



786 


OPERATIONS ON THE BILE TRACT 


encouraged to take it more readilv if it is flavoured viith lemon or 
disguised as weak tea These patients should also tike a high carbo 
h\ drite diet nch m vitamins If thej do not rcadil} respond to this 
rdgime glucose should be freely administered either bv the mouth or 
intravenously A total of 8 to C oz (100 to 200 g ) should be given 
daily in one form or another Anxmia should be treated and the 
patients should have blood transfusions when ncceasarv If there is 
gastnc distension or the pitient is at all nauseated it is well to use i 
small stomach tube not so much to draw off an> residue as to 
accustom the patient to this treatment as it ma\ be invaluable dunng 
the immediate post operative penod If there is an> remaining ekva 
tion of temperature or if fever has plajed a part m the illness then 
hexamine in 7 gr doses three times a day should be administered is 
a biliary antiseptic Any dtsabhng condition associated w ith the heart 
or the lungs or with metabolism such as diabetes must be treitc<i 
in order that the operation may be earned out under the best possible 
auspices 

In the presence oi jaundice further preparation is required as tliere 
IS great nsk of post operativ e haemorrhage or failure of liver Junction 
These nsks are belittled by some surgeons while others have found 
that h-emonhage has been the cause of death in about JC per cent of 
their cases Some indication of the nsk of hTmorrhage can be gathered 
from the ordinary clinical examination of the patient for there may 
be petechix or spontaneous subcutaneous liTmorrhages or even 
bleeding from any scratched surface The laboratory evidence of 
increas^ bleeding time and coagubtion time arc also helpful while 
the estimation of the blood prothrombin is of the greatest value ind 
indicates those jaundiced patients in whom hxmorrhage will probably 
occur (Prothrombin estimation is usually made bv the method of 
Quick ) Certain measures to dimmish this risk have already proved 
their value and m consequence the mortality ofoperations in jaundiced 
patients has been much reduced dunng the last few years Of the 
measures which have alreadv been mentioned the administration of 
fluids and glucose are espieaally important 

Since It IS usually necessary to administer a considerable amount of 
fAe iTcrrd mtea^ettoas route it ts essenits} to keep 

records of the intake and output so that i proper balance may be 
estabhshed is there a nsk of water logging of the tissues which may 
be indicated by subcutaneous or pulmonary cedema It is also essential 
that intravenous administration should be at such a rate that the con 
stituents can be assimilated Two hours for each 200 c c is probably 
about the optimum speed If the circulation is good it may sometimes 
be more convenient to administer extra fluid per rectum In cases 
with weU*developed jaundice 2 000 c c ofSpercent glucose in normal 
saline should be administered intravenously in addition to vvhat can 
be taken by mouth Calcium is of proved value for directly influencing 
the h-cmoahagic tendenev For this purpose 5 c c of a JO cem 
solution of calaum chloride is injected intravenously on each oi the 
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three days preceding that fixed for operation. Great care must be 
taken not to allow the calcium solution to escape outside the vein, as a 
troublesome cellulitis is apt to follow. Parathormone (0-6-1 c.c. by the 
intramuscular or intravenous route) helps to maintain the calcium 
concentration in the blood, and some authorities advise that it should 
be administered daily until the risk of haemorrhage is past (about ten 
days). When there is evidence of a well-established haemorrhagic 
tendency preliminary blood transfusion should also be employed 
Though there appears to be no laboratory proof of marked deficiency 
of Vitamin C in obstructive jaundice, orange juice has appeared to 
be a material help in some cases. 

I am fully convinced that these measures are valuable and have 
contributed to much improved results in my own cases. Certain 
additional measures, based on accumulating knowledge of the factors 
which activate prothrombin, have recently been advocated. Patients 
with obstructive jaundice who are liable to excessive bleeding have 
low prothrombin levels. The maintenance of normal blood prothrom- 
bin appears to depend on the presence in tlje tissues of adequate 
quantities of Vitamin K, which is absorbed from the intestine only in 
the presence of bile salts. In obstructive jaundice, where the bile salts 
are diminished or absent from the intestine, Vitamin K is imperfectly 
absorbed or utilized. The hypoprothrombinamia may be corrected 
before operation by giving bile salts and Vitamin K by the mouth, or 
Vitamin K alone may be administered by intramuscular injection. 
There are several preparations of these substances on the market, but as 
yet they are only on trial, and in the present state of our knowledge it 
does not seem wise to advocate any one product. A substance closely 
resembling Vitamin K (" Kopilon ”) has been synthesized and is said 
rapidly to restore plasma prothrombin to normal when given intra- 
venously. It may be used as a pre-operative preparation. In cases 
complicated by vomiting, or in patients already bleeding, this prepara- 
tion may be used in preference to oral bile salts and Vitamin K. In 
similar circumstances it has also been suggested that Vitamin K (in a 
preparation known as “ Klotogen ” and bile salts in the form of 
“ Bilein ”) dissolved in 250 to 500 c.c. of water should be given by 
duodenal tube. ^Vhere the prothrombin value remains low, this treat- 
ment should be used for three or four days both before and after 
operation. But whatever steps are taken by way of preparation, they 
cannot excuse any lack of care in the selection of the time to operate, 
and the need for precision in carrying out the operation and after- 
treatment. Gentleness is essential, and every bleeding point that can 
be caught must be ligatured and the incision must be carefully sutured 
in order to diminish the risks of haemorrhage into it. 

The local preparation of the operation area is a matter for the 
predilection of the individual operator, and it is only nec^sary to 
offer a warning against over-preparation, which may defeat its object 
and be wearisome to the patient. 

For anaslhesia chloroform must be avoided and the gas, oxygen. 
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ether sequence wll usuallj be the method of choice For patients who 
are jaundiced and in \erj bad condition spina! anxsthesn offers some 
advantage in that possible toxic effects are reduced to the minimum 

Tile operations which maj be required are— » 

CnoLEcasTOSTOM^ — ^The gallbladder is opened ib contents 
remoaed and its mtenor drained on to the surface of the 
bod} 

CiiOLEcasTENDXSis — ^Aftcr rcmoaal of its contents the gall 
bladder is completel} closed b\ suture and returned to the 
abdomen without drainage (The use of this term instead 
of cholec\stotom} aaoid^ the confusion which u. apt to 
ansc when words so similar as choice} ^totom} and chole 
c}stostom} areempIo}ed) 

C^^OLEcasTECTOMa — The gall bladder with its contents is com 
pletel} removed 

CitOLEDOCiiOTOMa — Stoncs are remoaed from the common 
duct wath or without drainage 

Sometimes other procedures are required which do not involve an} 
separate principle or special technique and which arc real!} onlv 
extensions of one or other of the above measures and arc thcrefort 
better unencumbered w ith special names The operation of lithotnps} 
— <rushing calculi tn silti — is entircl} different in pnnciplc from the 
others mentioned It is scarcely ever used at (he present daj except 
as a means of dealing with the soft pigment calculi which ma} be 
found when splencctom} is performed in acholuric jaundice Combined 
operations are sometimes nccessar} when stoncs arc present m the 
great ducts as well as the gall bladder Although the clinical history 
and to a lesser degree the ph}'sical signs will give some indication of 
the t}pe of operation hkel} to be called for this can onl} be certaml} 
decided after the abdomen is opened and the prchminar} examination 
made 

Choice of operation — The question whether or not the gall bladder 
should be removed as a routine is still un->ettled and will remain so 
until It IS possible to review m more detail the continued after hbtor} 
of larger numbers of cases in which the alternative metliods of dealing 
with the gall bladder have been tned This viscus must have some 
function possiblv the secretion of a hormone but in the environment 
m whicli mankind now exists it is evidcntl} of no great importance or 
Its absence is ver} well compensated as so man} thousands of people 
are knowai to be in good health v cars after its removal Some surgeons 
predict that in man} cases after removal of the gallbladder the 
functions of the liver will be senousi} interfered with as the result 
of the dilatation of its ducts and the unaccustomed pressure within 
them and that in a few vears there wall be an outcrop of cases of 
hepatitis the result of this operation Though at present there is 
nothing to support tins gloom} outlook it deserves to be considcrcu 
with respect 
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The principal reasons advanced in favour of cholccystectomj are as 
follows — 

1 It removes the site in which gall stones usually form 

2 It removes the focus m which infection is most hkel> to persist 
Tor these reasons it is the best safeguard against both the recurrence 
of calculi and the persistence of infection 

3 It prevents many cases of biliar> fistula and eradicates more 
efficientl} potential as v-ell as actual pathological processes 

4 It eliminates the nsk of subsequent cancer m the gall bladder 

From a technical point of view it is aijo urged that the immediate 

convalescence is easier and shorter because it do^s away with the 
necessity of prolonged bile drainage and that for the same reason the 
abdominal scar is stronger It is also said that cholecj stectomy implies 
a more thorough examination of the deeper ducts than is usuall\ earned 
out as a preliminary to a mere drainage operation but this is an argu 
ment for extreme care in the conduct of all gall bladder operations 
rather than a reason for cholecystectomy 

Against the operation it is urged that there is grave nsk of injury 
to the deeper ducts with possibly senous consequences and that there 
IS greater nsk from hemorrhage There can be no doubt about these 
contentions though not many disasters from hsmorrhage and from 
injury to the ducts have been recorded But these accidents are largely 
due to the fact that the difficulties and dangers have not been properly 
understood They are strong arguments for the proper selection of 
cases and for greater care in performing tJic operation but they need 
not deter the serious surgeon from carrying out cholecystectomy with 
increasing frequency for the weight of c\idencc as judged by the 
after results is m its favour 

Though the proportion of recurrences of calculi is undoubtedly 
higher after simple drainage it is equally true that many patients 
after removal of the gall bladder suffer from \ague abdominal dis 
comforts which may be distressing Both sides of the question appeal 
to the public and as a result of the expenen es of their fnenda some 
patients insist that the gall bladder should be removed while others 
are equally anxious that it should not be sacrificed 

Positive indications for the operation arc (1) A calculus m the cy’stic 
duct or neck of the gall bladder so tightly impacted that it cannot be 
removed without nsk of subsequent stneture or obliteration (2) 
Stneture or obliteration of the cystic duct (3) Small shrivelled gall 
bladder with much thickened walls (4) When there is any suspicion 
of early malignant disease of the viscus 

Contra indications are (1} Some anomaly of the ducts which may 
much increase the nsk of injury to the common duct (2) J lundice 
(3) Uncertainty in (hagnosis (4) Great inflammatory thickening 
obscunng the parts about the neck of the goU bladder (u) Great 
general vascularity with the n?k of severe bleeding from the liver 
bed which may be difficult to control 
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Between these two groups of cases there arc many in whicJi the 
decision will depend on the actual conditions, on thestateoflhe patient, 
and on the experience of the individual operator When in doubt, the 
surgeon should dram rather than remove the gall-bladder, and it must 
always be remembered that if necessary the \l^cus can be exceed at a 
second operation, when the conditions for both patient and operator 
are perhaps more favourable 

Choice of operation after the abdomen has been opened. — (1) Cases 
without jaundice — (a) The gall bladder is pathological but docs not contain 
stones, and exploration shou.s that there ts no other suffictci f cause to 
explain the symptoms — In these cases it is most thfhcult to amvi. at a 
proper decision It is imperative to remember that in about S percent 
of cases stones are present m the main ducts though absent from tlu. 
gall bladder External examination ma\ show adhesions between the 
gall-bladder and omentum, colon or duodenum, which arc very 
significant if limited to this region but of much less importance if also 
present in other parts of the abdomen Thickening of the wall of the 
gall bladder, whether from chronic inflammation or from recent adema, 
and enlargement of the glands at its neck, arc evidences of gross change 
onginatmg in the viscus An unusual amount of subscrous fat is aUn 
looked upon as an evidence of infection If there is doubt, it is much 
wiser to open the gall-bladder at the fundus in order to inspect its con- 
tents and the mucous membrane Thick tenacious bile, bile of v arj mg 
consistence, or bile with an obvious excess of mucus or with a decided 
odour, IS pathological Or there may be tmv calculi or bilc-sind winch 
can be readily seen, though not detected b\ palpation from without 
\\1icn the mucous membrane is of the well-known ** strawberry typo. * 
or shows congestion m patches or papillomata, there is probably 
sufficient ev idence of pathological change to justify excision Inabihtv 
to empty the gall bladder by gentle <qucc7ing suggests that there i» 
some anomaly about the neck or the cvstic duct which mav explain 
the svmptoms In these circumstances anastomosis of Hartmann's 
pouch to the common duct has led to permanent relief (Pnbram) 

It 15 in this class of case that immediate cholangiography mav prove 
to be most useful Caseswithoutstoncsfumishmanv of the recurrences 
after simple drainage and, though the surgeon mav hesitate to remove 
the gall-bladder for what appears to be very limited disease, it is 
probabU often the best course The deci'jion must rest with the 
individual operator and be dictated by his intcqiretation of the con 
ditions found in their relation to the clinical symptom^ 

(6) The gall bladder co«/<7f«s a single calculus, or multiple calculi, but 
there is no sign oj infiammalory trouble, and there are no stones in tic ducts 
— In these circumstances the surgeon must be guided by his views on 
the pathologv of gall-stone disease Either operation gives good 
immediate results, but to remove the gall bladder enaiiro their greater 
permanency Unless some of the contra-mdications arc very delmitt, 
excision will probably be best 
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(c) The gall bladder contains stones and is obviously muck altered as 
the result of chronic infection, or is small, thick uallcd, and glistening — 
Removal is certainly indicated, for these are the \ery cases in which 
early malignant disease may be present but without an> sign by w hich 
it can be recognized by the naked eye 

(dj There are stones impacted in the neck of the gall bladder or cystic 
duct, mih great or moderate distension of the gall bladder — If the disten 
Sion is recent and due to bile removal of the stones and drainage 
will be attended by good results and collateral circumstances must 
decide whether the gall bladder is to be removed Old standing 
obstructions and hj drops are best treated by cholecystectomy 

{c) The gall-bladder contains calculi andts big thick nailed, and (edema 
tons from active pyogeneitc infection — Here drainage is undoubtedl) the 
safer proceeding for in these cases the parts about the neck are often 
difficult to expose, and there may be an alannmg amount of hemorrhage 
from the liver bed due to the recent inflammation Of course special 
care must be taken to see that the obstruction m the neck of the viscus 
has been removed It must be remembered that the gall bladder has 
remarkable recuperative power, and, further, that it is always possible 
to perform a cholecystectomy as a secondary operation when the 
inflammatory mischief has subsided 
{f) The gall-bladder is gangrenous, or is the focus of a right sided pert- 
toniiis, or ts assoaalcd with an intrapentoneal ntscuss — In these cases 
only life saving measures are justifiable Drainage must be carried out 
in the first instance and when there is evidence of inlection outside the 
gall-bladder, drainage from these parts must also be provided When 
the fundus of the viscus is gangrenous, it alone may be cut away, but 
e\en this step may be dispensed with m a patient who is very ili The 
remarks made under (<;) apply here but no time should be w asted m 
vain attempts to remove a firmly impacted stone from the cystic duct 
The risk to the patient is from infection, and if that is overcome the 
calculi can be dealt with later Sometimes such a stone loosens during 
convalescence and is extruded through the drainage-tube 

(g) There arc many small stones tn the gall-bladder, and the patient 
gjics a history of repeated attacks of transient jaundice, but no stones arc 
/aV ffi Mv ts often impossible to padpats very 

stones in the common duct but with a history of only transient jaundice 
it probably means that they have passed safel> into the duodenum 
in each attack If the common duct is thickened or cedematous or if 
the contents, as determined b> the exploring needle, are turbid, then 
the duct should be opened If no stones are found, a tluck probe or a 
Lister's bougie 7fl0 to 9/12 should be passed down the duct into the 
duodenum The gall bladder must be dealt with either by drainage 
or removal The suigeon must not be disappointed if the patient has 
an attack of colic during com alesccnce 

(/«) I he gall bladder is small, shnielled, and adherent, and there is a 
history of jaundice, hut no stones are found — In these cases the stone 
has probably passed m the last attack It is best to remove the gall- 
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bladder and establish external biliary drainage from the common duct 
a large probe or a Lister bougie being 6rst passed into the duodenum 
to ensure the patency of the duct 

(2) Cases with established jaundice — (a) A calculus ts plainly fell tn 
the common duct and the gall bladder also contains stones — To expose 
the common duct it may be necessary to divide many adhesions and to 
separate the colon or duodenum from the gall bladder In any event 
the stone in the duct should firet be dealt \\ith though on rare occasions 
it may be necessary to empty the gall bladder first to facilitate exposure 
of the duct The supraduodenal part of the duct should be opened first 
e\en though it may later be necessary to deal with the stone by some 
other route The stone in the common duct having been removed the 
gall bladder should be emptied It is a sound general rule not to 
remove the gall bladder if there has been an impacted calculus m the 
common duct 

(6) No stone is felt i« the common duct but there are multiple small 
stones tn the gall bladder and there have been previous attacks of jaundice 
— ^The duct must be opened and explored and if no stone is found the 
large common duct probe or a bougie must be passed into the 
duodenum 

(c) The gall bladder »s small and shrivelled and the common duct ts so 
coiered with adhesions and so thick from surrounding inflammatory 
thickening that it cannot be identified — An incision should be made m 
the position of the common duct If calculi can be found and removed 
well and good but if not the surgeon should be content to establish 
external bile drainage and to operate at a second sitting if necessary 
It is m cases of this class that a stone is frequently found to have 
passed while the inflammatory thickening remained The common 
duct may often be identified by mtroduemg a fine exploring needle 
obliquely upwards into its supposed site The withdraw'al of bile 
confirms the position of the duct 

{d) The gall bladder and ducts are nodular and hard — ^The condition 
IS almost certainly the result of new grow th Nodules in the liver or 
outlying nodules on the pentoneum are valuable confirmatory signs 
In these circumstances intervention is of no avail and it is unw ise to 
open the gall bladder even if it contains stones WTien possible an 
outlying nodule <!hould be removed lor microscopic section and the 
abdomen should be closed without drainage 

{e) The gall bladder is greatly distended but no stones are present — 
The lesion is probably m the head of the pancreas and maj be inflam 
matory or neoplastic If an exammation can readily be earned out 
w ithout separating adhesions and therebj running the nsk of producing 
bleedmg a diagnosis of the cause of the obstruction may be ^lade 
Otherwise the expenence of the surgeon must decide whether to be 
content to make a permanent anastomosis betw een the gall bladder 
and the gastro mtestmal tract or to estabhsh external bile dramage 
with a view to a secondary operation 
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General technique. Number of assistants. — ^This is entirely a 
matter of practice. For most operations experienced surgeons will 
require only one assistant, and more will be an encumbrance. For 
difficult common-duct cases, or in big, fat subjects, an additional pair 
of hands to make traction on the liver or to keep the viscera aside may 
be very helpful, 

InsttMtntnts. 407.) — ^These, again, ate a. vnatteT o{ choice', the 



Fig. 407. — Instruments us«l for operations on the lirer and biliary apparatus. 

I Draiil.-ige tube with sprailUr Ibiek walls; 3. drain of foldnl rubber shreUng , 3 PesJ.rdiiis' lomr< 
the eommon duct . 4 gill stone “wp. 5. thrtecvsieetoiuy fora-ps ; 8, catch forceps . 7, Osebner tt«car , 

8. female bladder sound u«d osprohe for 0. r**r»etot with loogmalJeablebLide, 10 , receiver 

with long botlW baiKlIo. 

fewer special instruments that arc usetl the better. Though it is not 
generally recommended in upper abdominal incisions, I have found 
the Balfour self-retaining retractor .very satisfactory ; the De\nne 
retractor is equally useful but slightly more complicated. A simple 
retractor with a long blade made of malleable copper, 4 in. by I in., is 
also very useful fof ca.ses in which the liver does not lend itself to the 
method of displacement, or when it is necessary to expose the parts 
about the hUum. Small volsella-pointcd forceps, known in. Newcastle- 
upon-Tyne as “ catch forceps,” are e.\'tremely handy for holding the cut 
edge of the gall-bladder or the common duct. For cholccysteclom}' 
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some tjpe of long arterj forceps (7 m ) with a slightly cun ed grasping 
surface is essential The gall stone scoop of La^vson Tait is the best 
pattern though it is well to ha\ e a smaller size a\ ailable for exploring 
the ducts and this should have a malleable handle For extracting 
stones from the loNser end of the common duct the neU knomi Des 
jardms pattern forceps is the best Anj tj'pe of trocar and cannula 
to empty the gall bladder wiU serve the purpose but it should have an 
internal diameter of in in order that thick mucus and tenacious bile 
maj trav erse its lumen \\ ith ease Some form of receptacle is necessary 
into which the contents of the gall bladder can be emptied a small 
enapielled tea-cup which can be boded with the instruments serves 
this purpose or the mstniment illustrated (Fig 407 10) ma\ be used 
and IS convenient and cleanly It consi:its of a boat shaped container 



mounted on a long hollow stem with a handle The edge of the con 
tamer is held against the gall bladder and the contents of the latter 
are emptied into it Fluid with debns and small stones is conducted 
away through the hollow handle while the bigger stones remain m the 
boat and can thus be removed without soilmg the field A probe made 
of lead and similar to a female bladder sound with a diameter of 
is convenient for passing down the common duct to demonstrate that 
its onfice into the bowel is free A Lister s bougie size or xV 
useful for this purpose Needles for suture of the liver must be half 
curved and of the intestinal pattern and wath an ej e which will admit 
No 3 catgut Drainage IS best made bj rubber tubes For the gall 
bladder and duct the tubing ought to have thick in ) firm walls so 
that the lumen is not likely to be obhterated or narrowed bj an 
encirchng fixation suture The gall bladder tube should be J in in 
outside diameter (little-finger size) and that for the common duct J m 
in outside diameter (half little-finger size No 10 rubber catheter) 
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Tubes not intended to go inside the gall bladder or ducts may be of 
the same si/e, but thm-walled and soft Strands of folded nibber 
sheeting (made of thick dental rubber folded to be 1 in broad and 
stitched along one edge) are \ery convenient when it is only necessary 
to pro\ ide a track to the surface or to cover up a raw area on the In er, 
or to prevent the viscera from becoming adherent to gauze A baby s 
feeding-bottle suspended from the bandages is a convenient receptacle 
when external bile drainage is necessary (Fig 408 ) 

Methods of exposure — In most cases some type of leriical 

incision will fulfil the requirements A paramedian incision 4 m to 



Fig 409 — Incisions for exposure of liser or bile ducts 



the right of the middle line, with displacement of the rectus outwards 
or a direct incision through the centre of the muscle, is very satis- 
factory To get the full benefit of any t\-pc of \ertical incision, it is 
essential that it should extend upwards to the coital margin, for it is 
this upper part which alfons proper rotation of the Iner In an 
ordinary ca«e, any type of xertical incision should extend from the 
costal margin to an inch aboxe the umbilicus (Fig 409) 3Iayo 
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Robson secured more room bj e'rtending the incision upwards and 
inwards to the ensiform cartilage and Bcvan made a similar extension 
outwards through the rectus at the lower end of the wound The 
oblique tnnsion of Kocher a fingers breadth below the costal margin 
also gi\ es an excellent exposure it extends from the ensiform right 
through the rectus muscle and 



Fig 410 — Pa^ as in transseise 

incision of Rutherford Monson 

L, Liver 10 edge of lesser omentum p diodeanm 

CB gun bb id r 


it may be earned back to the 
lorn or mav ui\ oh e anj part 
of this line depending upon 
the indications In 1930 Pro- 
fessor Pnbram desenbed an 
incision which takes the same 
direction as that of Kocher 
but commences over instead 
of below the costal margin 
The rectus is dmded and then 
retracted below the nbs where 
the transversalis is divided m 
the same oblique line Tlie 
incision allow s a good exposure 
and provides considerable m 
surance against henna A 
stnctl> tramxtrsc »«nsio« as 
desenbed by Rutherford Mon 
son* (Figs ^09 410) is useful 
in the presence of suppuration 
In stout subjects it is a good 
plan to mark out tlie proposed 
incision before the patient 
comes to the table when the 
parts can be freelj palpated 
and the landmarli defined 
In an> case the incision m 
the skin and fat is to be IJ 
in or in fat subjects even 
2 or 3 in longer than that in 
the muscles (Fig 411) 

Mith anj of these mctsions 
great additional help in expos 
lire can be secured by utilizing 
TTie reversed Trendelenburg 


the normal mobibty of the liver 
position encourages the liver to descend toward the incision 
and facilitates its rotation The latter is brought about b> trac 
tion on the gall bladder perhaps assisted hy the hand passed 
behind the posterior border of the nght lol>e The ducts can 

also be brought much nearer the surface b> elevation of the Join ( ua> 0 
Robson) This is secured hy a bndge on the table operated mechanic 

• Bril 4f<4 /«• « Nmr 3 ISW IL 13 _ 
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ally by an inflatable cushion by a sand bag or very simply by the 
use of the \% ooden w edges illustrated in Tig 41 2 * Tlie elevation should 
not be too high or kept up for longer than necessary as it may cause 
considerable post operative backache As soon as the peritoneum has 
been sutured the patient should be alloued to he flat \Vhen the 
oblique or the transverse incision is employed further exposure is 
secured by opening out the ilio costal space by pushing the upper 
part of the trunl and the legs awaj from the incision i e making the 
latter the apex of a wedge Too much traction on the liver passing 
the hhnd over the liver or gauze packing introduced betu een that 



Fig 411 — Exposure of gall bladder in stout subject through vertical rectus incis on 

organ and the diaphragm should be studiously avoided These 
methods tend to interfere with the free movement of the diaphragm 
and encourage post operative pulmonary complications 

In any of these incisions and especially the vertical ones througli 
the rectus it is important to spare all motor nerves The latter should 
never be deliberately divided but should be drawn aside and even 
after a difficult and perhaps tedious operation they are often found 
intact when the incision is to be closed 
Tlie choice of incision is most important and is decided partly 
b} the build of the patient and partly by the pathological conditions 
Tor all gall bladder and common-duct conditions without suppuration 
and in spare subjects the paramedian or the vertical rectus incision 
gives sufficient room In the obese the oblique incision of Kocher often 
gives a better exposure but it may have to be prolonged back towards 
the loin For cases of suppurating gall bladder or those in which an 

•Grey Tuni t a 19^6 i 221 
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inflammatorv mass la felt the trans\erse incision of Rutherford 
Monson is \er> suitable and is idminble for drainage Wlitn the 
diagnosis is m doubt and it maj be necessarj to examine the appendix 
or the duodenum and stomach one of the vertical incisions «hou!d 
be selected 

The suture of these incisions is most important for the prev ention of 
hernia The peritoneum and transv ersilis should be brought together 
bv a continuous catgut stitch and the outer muscles by tuo laters of 
interrupted sutures No 2 or 3 chromic gut being employed acconhng 
to the bulk of mu«icle and the tension In all cases a through and 
through silkworm stitch should be introduced everj 3 in Care must 




Fig 412 — EI«Tat>on of loin (Mayo Robson posiboo) by use o( wooden wedges passed 
from either side after patient iS on tabi* 

be taken to remove the lumbar support and to appose the etiges of 
the w ound as far as possible before completing tlie suture 
The general escammation on opening the abdomen — Tile fir«t Step la 
to confirm the diagnosis of gall bladder mischief The surgeon should 
next as a routine examine the comfnon and hepatic ducts Though 
calculi in the ducts can usuallj be detected by external paljxation 
there are some which evade the best trained fingers The surgeon 
must therefore be prepared to open the common duct in the abw^nce 
of palpable calculi in the following arciimstancci. when (a) there is 
a history of recurrent attacks with jaundice (6) the duct is found to 
be thickened (c) the Ijanpliatic plan !•> in the v icmitv are enlarged . 
(rf) exploration with a hj'podermic needle sliows that the contents are 
obvioudj infected or turbid or contain bile sand or are white and 
limpid In jaundiced cases when stones arc felt in the ducts no 
further examination should be made, as there is alw ap some ri->k o 
causing hremorrhage b} even the gentlest manipulations Simihrlv, 
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m malignant cases only such examination as is necessary to determine 
the extent of the disease is justifiable In other cases the pyloric 
region the duodenum and the head of the pancreas are examined in 
order The appendix should next be seen and unless very adherent 
can usually be brought into view by any of the methods of approach 
which have been described and without any extension of the incision 
This examination of the appendix is especially important when the 
gall bladder does not show a degree of pathological mischief consistent 
with the clinical symptoms The gall bladder must only be dealt 



p,g — Showing adhesion of infundibuliformtTpe between duodenum and gall bladder 

Such adhesions often contain a prolongation from the lumen of the boweL 
X llanui Imt WontM YoAom iwlXirrp^ ‘I 

With in response to the conditions found ind pot simply because a 
pre operative diagnosis of gall stones has been made 
The next step is to determine what type of interference with the gall 
bladder and ducts is necessary This may involve preliminary isolation 
of the gall bladder by separation of adhesions etc this must be done 
w ith great care and may be greatly facilitated by the method of gau7G 
stnpping If the adhesions are vascular they should be caught m 
artery forceps before division as even small vessels when they retract 
cause some subserous bleeding which may obscure the field Wlien 
the adhesions are to the hollow viscera there is great risk cither of 
opening up some pre-cxisting communication with the latter— internal 
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biliary fistula — or of opening into a long-drawn-out portion of the 
gastro-intestinal tract in an adhesion of the infundibuhform tj'pe 
(Fig 413) It IS not always eaq^ to determine the contents and 
condition of the interior of the gall bladder by external examination 
and this \iscus may haxe to be opened for diagnostic reasons For 
this purpose an incision about an inch long should be made in the 
fundus Enlarged lymphatic glands when examined by palpation 
may so closel 3 simulate calcuh that they maj have to be exposed 
before the decision can be made For suture of the gall bladder or 
ducts the material should be fine chromic catgut (size 3/0) and the 
stitchea should not perforate the mucous membrane for even catgut 
sutures hav e been known to form the 
nuclei of recurrent calculi (Fig 414 ) 
Drainage — It is alwajs wise to bnng 
a tube from the neighbourhood of a 
ligatured or sutured duct as there is 
sometimes bile leakage which cannot 
be explained Such tubes should be 
fixed to the skin rather than to the 
wall of the duct as in this wav the 
surgeon has absolute control of their 
removal Durmg the completion of 
the operation the drams arc very apt 
to sbp out of the gall bladder or ducts, 
and the> should be threaded on the 
long end of a ligature (Fig 421 p 812) 
or bghtly fixed to the cut mafgm of the duct wulh a catch forceps 
(Fig 407 6) until the closure of the mcbion is completed The 
fin^ remov^ of the dramage-tubes depends upon the circum 
stances of each individual case, but ten dajs is an average time If 
drainage for a longer penod is necessarj the discharge of bile will 
continue m spite of the fact that the tube is gone As a rule the flow 
of bile ceases two or three dajs after removal of the tube but if there 
IS coincident pain or nse of temperature there is probablj some unre 
lieved obstruction or inflammatory trouble Small tub^ which are 
merely left as a safeguard need not be removed until the wound 
is first dressed Almost the onij mdication for the use of gauze 
packing IS oozing which cannot be othenvise controlled but it may 
have to be employed to soak up an excess of bile escaping bv the 
side of a dramage tube in the common duct, or to shut off some infected 
area Its use should be avoided whenev er po&sible and it should nev er 
be packed against sutured ducts or bowel, as the union is very apt to 
be tom when it is removed Iodoform gauze is not well tolerated b} 
the liver and should not be introduced The hollow viscera should 
always be protected from contact with, gauze by rubber tissue Raw 
areas on the Iiv er should also be protected to prev ent the vascera and 
especially the stomach, becoming adherent, with possible subsequent 
kinkmg and obstruction 



Fig 4J4 — Suture of ehromicized 
catgut forming nucleus of gsU 
stone m e recunent case 
Actual «tre 

(Pnm iptnmoi k nCy lent it lit ItU 
Mtmillon nmitottoJ ) 
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General after-treatment. — The patient should be so placed in 
bed that the operation area is relaxed At firet the legs must be kept 
flexed over a pillow , but after a hours the patient may be propped 
up in a half sitting position If there is much pain it is better to gi\ e 
a small dose of morphia {gr J) on the night of the operation but 
after that the surgeon should not hastilj give morphia, but should look 
for and treat the cause of the pain If the patient is shocked, and m 
all cases of jaundice, water with glucose and soda bicarbonate, and if 
necessary a little stimulant, must be given per rectum either con- 
tinuously or intermittently, whichever is the more comfortable If 
the patient does not respond, the intravenous route should be em 
ployed at once As soon as water can be taken by the mouth without 
discomfort it may be allowed On the day foUownng the operation the 
patient is often in considerable distress, complaining of tightness across 
the abdomen and shortness of breath, and the pulse may be much quick- 
ened These symptoms are usually at once relieved by loosening the 
bandage If they persist or recur, or are associated with the eructation 
of mouthfuls of fluid, it is an indication for the use of the stomach-tube, 
which often gives immense relief In these circumstances a Ryle’s 
tube may be passed and left tn sUu for twent\ -four hours, or even longer 
At the end of twenty four hours steps should be taken to assist the 
passage of flatus, either by a glycenne enema or a gram of calomel m 
four doses (i e one quarter-gram at half-hourly intervals), cither of 
which measures may be assisted by pituitary extract If vomiting 
persists after the first day' or two, it may be due to the imtation of 
gaw7e or of lubes about the neck of the gall bladder, and these should 
be loosened as soon as they have served their purpose Persistent 
emesis suggests pancreatitis Generally speaking, drainage cases do 
best when the escape of bile is early and abundant, but the loss of 
large quantities may have a deletcnous effect, as shown by thirst, 
dryness of the mouth and throat and, later, wasting and signs of 
hepatic insufficiency Ttie loss should therefore be made up by 
abundance of fluid by the mouth or, if necessary, per rectum or intra- 
venously In these cases the tube will have to be removed early to 
encourage the entrance of bile into the bowel In some few critical 
eases there may have to be bile-fecding, which is earned out by 
collecting the bile and feeding it into the stomach through a Ryle's 
tube twice in the twenty -four hours Dduted bile may be administered 
per rectum, but it is questionable whether it is absorbed 
Complications.— Tlicse are unu:>ual at the present day’, with the 
more careful selection of the proper time at which to operate, the 
preparation of the patient, and the improved technique Hepatic 
insufficiency is the greatest nsk The patient becomes progressiveh 
more drowsy, and lapses into unconsciousness Tor any patient who is 
not doing well the most valuable remedy seems to be the intravenous 
administration of 5 per cent glucose siine , a dail\ total of about 
2,000 c c will probably produce the maximum result The untnry 
output must be carefully' watched and the onset of adema noted 
L7 
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WTien the response is not satisfactory transfusion with fresh blood 
should alw ay s be tried Nor should the importance of the old method 
of purgation be overlooked Hamorrhage may very rarch result 
from the shpping of a ligature This ty'pe of bleeding is onH likely to 
occur m the few hours immediately succeeding the interference Such 
a catastrophe demands the instant re opening of the abdomen A hte 
type of bleeding m jaundiced patients is much more Ukels to occur 
either some forty eight hours after operation or about the tenth da\ 

It IS usually a progressive oozing mto the pentoneil cavity or into the 
wound more rarely into the bile ducts and bowel A large amount 
of blood may accumulate m any of these situations When there is no 
external bleeding it is essential to employ measures which restore the 
coagulabihty of the blood and make up for the amount lost while at 
the same time toxemia is counteracted To restore coagulabihty 
vitamin K therapy seems to offer the most promise To make up the 
volume blood transfusion is best but glucose saline may be used as a 
substitute until real blood can be obtained E%en if bleeding is not 
of any great amount it is none the less a danger signal and should be 
met hi prompt measures If the haunorrhage is into the wound 
some of the skin-sutures should be removed and the site of the oozing 
may then be packed with gauze soaked m horse serum or if this f ills 
in snake venom (Russell s viper solution of 1 m 10 000) or turpentine 
while the other measures mentioned are also employed 
Escape of Me nUo the peritoneum — Fatal peritonitis has followed 
leakage from the divided cystic duct but this should always be pre- 
vented by bringing a small tube from the region of the ligatured duct 
to the surface Sometimes bile escapes from the common duct and 
finds Its way into the lesser sac which it distends A low form of 
locahzed pentomtis follows and the patient may become gravely ill 
This may be suspected when m a common-duct case the general 
condition is not satisfactory there is sickness the pulse rises and there 
IS an icteric tinge with an epigastnc swelling at the end of about i 
week WTien the wound is re-of>cned and draimgc of the lesser sac 
established these cases usually do weU 

Impaction of faces is a frequent comphcation in jaundiced cases 
It is not at all uncommon for an isolated attack of severe colic to 
supervene two to four weeks even after most successful operations 
This mav be due to a small fragment of stone a mass of inspissated 
bile or a bloodclot traversing the ducts 

It should be realized that jaundice if well established is slow to 
disappear ev en in cases that are making good progress 

ClIOLECaSTOSTOStV 

Technique — ^The choice of incision has been discussed The ctejis 
of the operation are 

1 General exploration 

2 Isolation of the gall bladder and protection of peritoneum 
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3 Evacuation of the contents and re examination of ducts 

4 Introduction of tube 

5 Toilet and closure of abdominal incision 

On opening the abdomen the suigeon must first carr) out the general 
exarmnation When the gall-bladder is greatly distended or very 
tense, it may not be possible to examine it satisfactonly by palpation 
or to reach the parts about its neck In these circumstances it should 
be packed off and aspirated, as a first step If there are stones in the 
cjstic duct, the surgeon must at this stage assure himself that the> 
can easily be manipulated back into the gall bladder or the case is 
one for removal of tlie viscus 

The next step is the isolation of the gall bladder b} gau7e Four 
suabs are arranged around the fundus or the latter is passed through 
a hole in the centre of a large pack in such a way that the margins of 
the opening fit closelj around the gill-bladder For this purpose the 
mackintosh s\\ ab of Moj nihan is very useful Tins is the proper stage 
at which to open the gall bladder, if it has not been previously neces- 
sary It IS most cleanly done by first using a trocar and cannula 
which IS thrust into the fundus and draws ofT the fluid contents the 
puncture so made is then enlarged with the scissors to about an inch 
in length Any small vessels which spout ought to be caught and tied 

The contents of the gall bladder are removed with a gall stone 
scoop, followed by the light introduction of a strip of gauze, which 
serves the double purpose of entangling small stones and of absorbing 
fluid and preventing soiling by the further escape of contents during 
the next step The surgeon then passes his finger and thumb down 
the outside of the neck of the gall bladder until his finger-tip is m the 
foramen of Winslow In this way he reaches the lowest part of the 
cystic duct and works the fingers gently towards the gall bladder, into 
winch any stones or ddbris are milked ” back At this stage there 
may be considerable difficulty' in dislodging a stone which is firmly 
impacted in the neck of the gall bladder or the first compartment of 
the cystic duct This must be released by pressure with the finger 
and tliumb If necessary the force used may be considerable, but 
great care must be taken to apply it )ust over the lower end of the stone, 
and to ensure that the neck of the gall-bladder is not tom a\va\ from 
Its attachments — an accident which would demand its removal This 
difficulty in dislodging the stone may be met by incising the neck of 
the gall bladder mth a knife from within , or it may require a direct 
incision from the outside in the long axis, of the duct [cysticolomy) 
or, if small, the stone may only be reached by slitting the gall bladder 
and duct right down to tlie site of impaction There may , further, be 
a little doubt whether a nodule felt is a stone or a gland, and on this 
point the surgeon must be satisfied before finally deciding to dram the 
gall-bladder When he is assured that the c\ stic duct is free, the gaurc 
mthcgall blaclderisrcmo\edandthescoopagamgcntly used Finally, 
the finger should always be introduced into the \iscus to make sure 
that It IS empty , and, if there is any doubt, this examination is com- 
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bined with a further simultaneous examination of the parts about the 
neck b} the fingers of the other hand working from outside 
The tube is now introduced , it should pass about as far as the 
middle of the mscus The fundus is closed round it b} a purse string 
suture of No I catgut, which lakes a good hold of the wall of the gall- 
bladder but does not perforate the mucous membrane If this tucks 
in the wall satisfactorilj , one suture will suffice, but shotild it not do 
so, a «econd maj be used, or a couple 
of interrupted sutures pissed at either 
side of the tube WTien the gill bladder 
IS ver\ rigid or thickened from redenii 
It maj be impossible to insert it and 
in these circumstances the opening ma\ 
be drawn together round the tube b} 
one or two interrupted sutures at either 
side If the closure round the tube is 
not accurate the surgeon must use hts 
discretion whether it i» necessary to 
protect the area with gauze or w ith a 
strand of rubber tissue which will con- 
duct an> leakage to the surface Un- 
less there his been some soiling of the 
hepatic pouch (Monson s pouch), or 
some question about the integntj of 
the neck of the gall bladder, no further 
dram is necessary In either of the 
latter events a soft rubber strand had 
better be brought from the depths of 
the pouch up by the side of the gall- 
bladder tube It IS best not to attach 
the fundus of the gill bhdder to the 
panetil peritoneum Even if there is 
a considerable distance between the 
inasion and the gall bladder, the 
drainage tube will safely bridge the gip 
and the surgeon need have no anxiety 
on this head, provided alwass that the 
tube IS not removed sooner than awcek 
after operation The drainage tube is 
brought out by the most direct route— usually through the centre of 
any vertical incision or the posterior end of the transverse or oblique 
varietv It is attached to the skm by a silkworm stitch, and i» then 
conducted through the dressings to the bottle for drainage (T ig 
p 794 ) If prolonged drainage is necessary, it is best to attach the 
fundus of the gall bladder to the peritoneum and transversabs fascia, 
and in about fourteen days to substitute a self retiming catheter for 
the tube When the giU bladder is of the buned t\pe (Pig IjW or 
is very deeply situated as m fat subjects, it miy be well nigh un 



Fig 415 — Hour glass gall bladder 
o£ hidden type with {undus lightly 
contracted on single stone 
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possible to introduce sutures In these circumstances the}' ma}* safely 
be omitted if a strand of gaure is packed into the intenor of the gall 
bladder round the tube and is brought out by its side Although this 
plan appears to be rather slovenly, it has never given cause for anxiety 
or subsequent dissatisfaction 

After-treatment. — ^The only special point concerns the removal of 
the tube It should not be taken out sooner than a week, and may 
be left as much longer as is considered necessary , hav mg regard to the 
purpose of the mterference For instance, if the gall bladder is 
obviously much infected or if there is longstanding infection of the 
deeper ducts, or the patient is a typhoid earner, drainage for several 
weeks may be required, and should only be terminated after bacterio- 
logical examination of the bile After removal of the tube, bile may be 
discharged externally for a few days, but if there is no obstruction in 
the deeper ducts this may be expected to cease spontaneously m seven 
to twenty-one days from the date of the operation If there has been 
much swelling about the neck of the gall-bladder, as m some of the 
acute cases the bile may not flow for three or four days after operation, 
but m the majonty it does discharge externally almost at once 
Failure to do so suggests that either tlie drainage-tube or the cystic 
duct IS blocked 

CllOLrCVSTOSTOMV COMBINED WITH ExCISIOS OF THE 

Fundus or the G\ll-bl.\dder 

This may be necessary in cases of gangrene, or where the gall bladder 
IS unusually friable, or of hour-glass form with too narrow an isthmus 
to permit safe drainage (Fig 41^) The fundus must first be separatCvl 
from the liver to the extent of the proposed removal Some small 
vessels may have to be caught and tied, or under-run vMth catgut 
on a curved needle, and if necessary the bed from which the fundus 
has been separated may be closed by a couple of sutures Any 
calculi m the gall bladder are manipulated into the part to be removed, 
which may then be cut aw ay w ith scissors w ithout prev lous clamping, 
but vessels that spout must be caught and tied The wall of the 
gall-bladder is now grasped by catch fon^ps and its remaining contents 
carefully dealt with, as already described The new fundus may then 
be closed with a purse string round a tube, or may be diminished 
by suture up to the point at which the tube emerges If the closure 
IS not very satisfactory, a soft rubber tissue dram is laid over the 
suture-line and brought out through the parietal incision via the 
gall bladder bed 

CnoLFCvsrrxDVSis (Rcvioval or Stones and Immediate 
Closure or the Gml-Blaudek) 

At one time this was looked upon as the ideal operation for gall- 
stones, and was advocated by Kochcr* Now that it is recognized 
that gall-stones wluch give n‘;e to symptoms are always associated 
with changes m the wall of the viscus, this method has been superseded 

■ Text t>oelc of Sui^xT) 1911 
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by dninac;e or cholecjstcctom} I soTietimcs employ it bowtver in 
casu> in uhich gall stones in, di$co\crc(! in the course o( some other 
operation and there is no evidence that thej hive produced changi.> 
in the walls i e for the incidental n.mo\al of gall stones 
Technique — If this step is onlj an extension of soni" other opera 
tion the incision must be so enlarged that the fundus of the gall 
bladder can be made casilj acccssiWe It is isolated bj gatue and 
opened All bleeding points m the incision are caught and tiid with 
\er> fine catgut The contents are removed special care being taken 
to determine that the neck and c>stic duct are free from calculi The 
intenor is now dried with gauze and the incision in the fundus closed 
For this purpose catgut is used but the sutures must not jwrforate 
the mucous membrane The first stitch is to secure accurate closure 
and hxmostasis for there must he no bleetling into the cavit> The 
second suture should be a purse stnng in the peritoneum at least J in 
from the first thus turning m a good area at the fundtis If the 
surgeon has the slightest doubt about the patenc> of the cvstic duct 
or the accuracy of tlic closure a small tube should be anchored to the 
fundus and brought through the parietal woumi It need not be 
removed till the first dressing for it does no hann and ma> at hast 
add to the surgeon s peace of mitid 


ClIOLCCVSTECTOVlV 

Technique — The steps of this operation arc as follows — 

1 General exploration 

2 Isolation of the gall bladder 

8 Exposure of the common cjstic and hepatic ducts 
t Isolatiorr and divasion of the cjsttc duct 

5 Isolation and ligature of the cvstic artcr> 

G 'separation of the gall bladder from the liver 
7 Double ligature of the c}stic duct 
H Treatment of the liver bed 

9 Drainage and toikt 

The parietal incision must be adequate as cveiy step his to be 
earned out under the guidance of the eje and it is in this operation 
that the additional aids to exposure are so ncctssar> and helpfuj 
The first step is to make the thorough examination detailed on p 7^!< 
There are two pnncipal methods of removing the gallbladder 
One commences the separation at the fundus the other deals first vvath 
the cjstic duct and arten the latter is much the Ivttcr plan flic 
objection to beginning, at the fundus is the difiicultv of preventing 
blood running down and ob^ciinnf, the more imjv rtant region of lltc 
neck and the undoubted nsk tint unless special care taken the 
hepatic and common duels maj be pulled up m the form of a lor p and 
dividedwiihout beingrecogmml (ir^Iig 122 p M M Tliert 
the further consideration that if some anonnlv of the ducts C( mn 
indicating excision is discovcrctl when the neck 

too late to retire graccftill) A tcn«« distended gal! bladder s( mi times 
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peels of! from its bed even on the gentlest handling If it is not desir 
able to remove such a viscus it may be re attached to the liver after 
its contents have been dealt with or the method of partial excision 
may be utilized For the former purpose one or two sutures are 
passed between such part of the gall bladder as it is necessary to 
retain and the peritoneal fnnge skirting the gall bladder fossa One 
of the advantages claimed for the operation of cholecystectomy is 
that the gall bladder with its contents can be removed unopened 



Fig 416 — Gall bladder w th port on of common duct (shown with glass rod 
introduced) inadTcrtently rtmoTod during cholecystectomy 

thus avoiding any risk from contamination of the field At the same 
time It must be realized tint though this is an ideal plan it is not 
essential and if necessary the surgeon need base no hesitation in 
opening the viscus Sometimes the gall bladder is so much distended 
tliat It obscures the field and the neck cannot be properly exposed 
until the viscus has been diminished m size by aspiration In these 
circumstances the fluid contents ma.> be withdrawn by a trocar which 
IS then removed and gauze clamped over the opening the clamp 
acting as an efficient handle dunng the necessary manipulations 
There is always grave risk of injury to the hepatic or the common 
duct in the operation (Fig 416) Tlie only w ay to a\ oid this calamity 
IS clearly to see the three ducts before the cystic duct is dmded 
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Removal by the method of choice —The first step is to expose 
the infundibulum This part is commonI> obscured b) adherent 
omentum ^vhich must be separated or it is adherent to the duodenum 
which must be gently drawn away This as a rule is easily done by 
blunt gauze stnpping but firmer adhesions maj require the use of 
the scissors The next step is to grasp the infundibulum with a strong 
pair of curved forceps and to draw it gently towards the surface 
(Fig 417 ) This helps to expose the cystic duct and to straighten it 
It IS next necessary to snip through the peritoneal sheath— the hepati 
co colic fold — which surrounds the cystic duct and arterv and com 



monly encloses a considerable quantity of fat As soon as the pen 
toneum has been divided the scissors must be discarded and the 
exposure of the ducts completed by blunt dissection w ith the forceps 
aided by gauze stnppmg At this stage it may be found that the 
hepatic and the common duct are rotated in such a w aj as to he ov cr the 
junction with the cystic duct to which they are adherent but from 
which they can easily be separated A sharp look out must be kept for 
abnormalv essels passing towards thegall bladder they must be caught 
before being div ided as bleeding interferes w ith the clear vaew that is 
necessary The dissection is now continued until the three ducts are 
plainly seen and tit no ctrcumstances must forceps or ligature be apphel 
until all three can be recognized beyond all question In the majority oI 
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cases not much difficulty \\ ill be expenenced Probably the common 
duct will first come into view then the cy'^tic and above the two 
the hepatic duct can be recognized (Fig 418 ) In the conditions 
which demand this operation the parts around the c\stic duct are 
often thickened from oedema or chronic inflammation and a good 
deal of tissue may have to be separated before the duct itself is 
exposed When seen it is closely examined and care must be taken 
that there is room for the forceps which are next to be applied below 

I 



Fjg 418 — Cholecystectomr second sUge 

The three d cts are clearly exp>«e i and (he entic duct bat bt'cn lioLiled and ca ghi n forcept reidy 
to be d V ded between (hem 

the last stone and between it and the junction of the cystic with the 
common duct Some sui^eons prefer to isolate the duct by blunt 
dissection with an aneurjsm ne^le and to use this instrument for 
passing the ligature around the duct It is extremelj important to 
ensure that no portion of the common duct is unwittingly cut away 
In ordinary cases it is not essential to take awa> the whole of the 
cystic duct so long as it is divided below any impacted stone or 
stricture If necessary the cystic duct may be cut off flush with the 
common duct, but m that case a tube will have to be passed down 
into the common duct or placed over the opening in it The c>stic 
duct should not be di\ ided until it has been clamped or ligatured as it 
may retract and may not easily be found again and bile leakage will 
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Im inentable for a considerable time The duct havina been cinided 
to separation luth scissors or forceps is continued until the cistic 
artery IS seen abose and to the inner Side ol the duct iihere it is 
kst^it he"nnr7% I'Ssture cut short at once 

II (rir 110) Till. 

gaU bhdder is then gently dnnn npnards aiiay from' the ducts 
When the iiscus hss been separated for about a third of the 
required amount it is left as a handle while the stump of the duct 



F g 419 — Cholecystectomy th rd stage 
Tlie cj-stic ia bxs b<«a dindod, ud alu b art^rj Tb ciQ-U tjjcr h boat <'1 t tics) 

IS dealt 'With As a rule this should be hgatuiod but it Tna> lie 
utilized for drainage or it maj be ddated w ith a pair of forceps until 
It will admit a tube passed into the hepatic duct or the common 
duct maj be opened bj slitting the cjstic duct right down into it 
If the duct IS to be tied it is safer to appl> two ligatures one Ixdow 
the clamp and one to the extrcmitj of the duct which is caught in 
another arter> forceps for that purpose The former ligature i^ left 
long at this stage Any bleeding about the stump is now dealt with 
and the separation of the gall bladder from the In er completed Thn 
IS usuailj aery easj but may require the aid of the <asson> It is 
necessary howeaer to keep in the* proper plane or the Iner tu^ue 
may be much tom One or tw o \ es^ w ill ha\ e to be caught TIjc 
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bed from \\hich the viscus has been removed may be closed uith a 
suture here and there (Fig 420), or by a continuous stitch if it is 
surrounded by a sufficient peritoneal fringe , or it may be merely a 
deep sulcus in the liver, the edges lying together without the aid of 
sutures Some \enous bleeding may occur and be due to passive 



Fig 420 — ChoIecTStectomx fourth stage 

Tlie cv-itk duct has bwn I gatured the gall blaihbr b W( atbebed at the fuadin a> a Iractot whib ilt bed 
b bring debrd 1>r ioteRiipIrd tutuns 

congestion of the part of the h\er withdrawn from the abdomen , 
if so. It will stop as soon as the h\er is allowed to return to its bed 
In all cases a small soft tube (| in in diameter) should be brought 
from the neighbourhood of the divided duct as a safeguard Occasion- 
an> there is bile leakage almost at once, probably tlie result of some 
small tear into one of the ducts which has been made during the 
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process of separation, or to the division of some small acccssoiy duct 
opening directly into the gaU-bladder Leakage several dare after 
operation results from too early absorption of the catgut ligature or 
from infection Some operators close the abdomen vvilhou? maUng 
provision for bile drainage, but in that case the slump of the cvstic 
duct IS very carefuHj huned by placing pentoneum and celluhr 
ti^ue about it It is much sounder practice to Jea\e m a smali 
tube The ligature on the cvstic duct w hich has been l-^ft long should 



Fig 421 — CholecTstectomjr completed 

TV tube down to IV cysbc duct And b tbrud'd on t<> the licitun uvd (tw the Utter The iniaQ 

omenttim and neiiihbouring Ut have beat dnwn mlo the ^ace between the dindenum ul the li'er asd 
fiaerl by one or two poiota ^ ‘utnre to [wvRti adbrslonv between the hollow nima xadlhe area from which 
the gaD bladder hav been mnm ed. 

be threaded on a needie and passed through the na}} of the drainage 
tube from its lumen On this the tube is guided down to the proper 
site and is held there until the packs are removed and the abdomen 
IS about to be closed If it has been impossible to cover in the gall 
bladder bed or if there is a raw area about the neck of the gall-bladder, 
this may be protected (1 e from adhesion of v iscera) by the small 
omentum and neighbounng fat, which can be drawn over it as shown 
in Fig 421 

Removal of fhe gall-bladder commencing at the fundus. — Tliih 
method is forced upon the surgeon m those cases where a very tense 
gall bladder has only a limited attachment to the hver, which giito 
way the moment the vnscus js handled It may al>o be expedient 
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■nhen the gall bladder has a distinct mesentery or uhen it is so srrnll 
shmelled and rigid that it can scarcely be manipulated until freed 
from its bed \\hene\er this method has to be adopted the one 
essential is to isolate the cystic duct and to demonstrate its relation 
to the hepatic and common duct before it is divided The temptation 
IS to make traction on the gall bladder and to treat the region of the 
neck like a pedicle * There is then a great risk of injury to the deeper 



F £ 4Z3 — Illustrating one waf m which the common b le duct maf be injured 
dur ng cholecystectomy 

(S/otfyW/dwAft ) 

ducts as shown m Tig 422 It is surprising to find how often this 
accident has happened even m the hands of expenenced surgeons 
Haemorrhage from the liver bed may be troublesome because the 
branches of the cystic artery are divided before the main trunk is 
dealt with it should be controlled by suture or ligature while the 
gall bladder remains as a convenient handle 
After treatment — In the great majoritj of cases there will be no 
bile leakage The tube need not be removed until the time of the 
first dressinjr at the end of a week Recover' is usually easy and 
satisfactory and patients are able to leave bed in tv\o or three weeks 
Difficulties and complications — ^Tliese are nearly all connected 
with injury to the ducts and attention must again he drawTi to the 
anomalies of the cystic duct and to the necessity of identifying by 
sight all three ducts before the cystic duct is divided Tlie operator 
should get an assistant to examine the gall bladder as soon as it is 
removed and if there is any question of injury to the ducts thev 
should be examined at once so that the damage may be repaired while 
fresh (p 8JG) Another danger is from hxmorrlnge If this occurs 
cither from some uncaught vessel or because a ligature Ins slippeif 

•HimKhr DielTiiudre jUnw Oi n In \\ wt oml P 1 J 1*9 
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jt IS necessar} to see and to catch themdI%^dual \essel Ven often 
this cannot be done at the moment because the field is floodwl wth 
blood In these circumstances the surgeon should lapidlj appl) a 
large clip to the bleeding area for the purpose of temporan!} arresting 
the hzEmorrhage, and this may be used as a tractor b^ \%hvch the parts 
can be gently draira towards the surface uhile the blood is sj>onged 
away and the actual \essel is found and separately caught and tied 
5Iany accidents are due to the fact that a mass of tissue is humedly 
tied in thoughtless efforts to stop hjemorrhage A still worse pro- 




ceeding IS to pass a needle deeply about unidentified structures which 
are thus surrounded b> a ligature and bhndlj occluded Sometimes 
there may be very great difficulty in tying the vessel in the depth' of 
the wound In these circumstances no harm wall come from leavang 
an artery forceps tn sttii, provided its grasp includes only the bleeding 
vessel Such a forceps should be loosened in forty eight liours and 
removed a few hours later if there is no further bleeding 

Alters vrrv e Methods of deaung v\ jth the G \ll bladder 
WHES Complete Formal Excision is sot Cspedifst 
These methods are four in number 
1 Partial excision 
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2 Removal of the mucous membrane only — subserous de- 

cortication 

3 Destruction of mucous membrane by cautery 

4 Electro-surgical obliteration 

1 Partial excision. — ^This may be limited to the fundus, or to 
the whole of the gall bladder except its neck The latter plan is to 
be used when there is special difficulty m exposing the parts about the 
neck, or when this exposure has disclosed some condition of the ducts 
contra indicating the usual t5rpe of removal If the cystic duct is 
])atent, as showm by the escape of bile or the facility with which a 
probe can be made to traverse the duct it is not necessary to do 
anything more than bring a tube from the stump of the gall-bladder, 
after having first placed one or two sutures m the gall bladder bed If, 
on the other hand, there is any question about the patency of the 
duct, the remains of the mucous membrane should be dissected away, 
or should be destroyed by the cautery In either case a tube must be 
brought from the stump to the surface 

2 Removal of the mucous membrane. — When the gall bladder is 
embedded m the substance of the liver, or is buried m a dense mass 
of adhesions, it may be impossible to carry out a formal excision 
In these circumstances an attempt may be made to remove the mucous 
membrane entire After the contents of the viscus have been dealt 
with, a longitudinal incision is made along the under-surface of the 
gall bladder down to the submucous coat The lining membrane is 
then separated by blunt dissection and gentle traction A ligature 
must be applied to its neck and a tube brought from this point up 
through the remaining coats of the gall-bladder to the surface There 
will be some little hremorrhage from the inner surface of the outer 
coats, which must be dealt with either by obliterating sutures or by 
gauze packing 

8 Destruction of the mucous membrane by the actual cautciy 
(Rutherford Slonson) — This method may be employed when the 
others are not available The gall-bladder is first emptied and is then 
spht along its inferior surface from fundus to neck and, after being 
thoroughly dried, the secreting part of the mucous membrane is 
destroyed with the thermo-cautery The walls are then drawn to- 
gether with catgut sutures xn sudi a way as to obliterate the cavity, 
or, if they are too thickened and rigid, the cavitj is packed with gauze 
1 Electro-surgical obliteration. — In this method the gall bladder 
IS laid open from fundus to neck and the mucous membrane 
thoroughly and completely destrojed by electro-coagulation The 
halves of the viscus are then sewn together and the abdomen closed 
without drainage The idea is to avoid the risk of liTmorrhage and 
spread of infection by destrojnng the inner layers of the gall bhdder 
without opening up the cellular tissue between the v'lscus and the 
liver The serous layer is pr^rved and used as a covering for the 
treated area 



OPERATIONS ON THE BILE TRACT 

Tlie depth and extent of the cotgnhtion can be regulated In the 
strength of the current the t>pe of the electrode ind the pri.‘«ure 
"v! I IS applied When the ual! of the gill bhdder is rert 

thick or an abscess has extended into the liver deep coiguhtion uall 
^ necessarj Aseptic necrosis results and healing is sati^factorv 
This method has recentlv been strong!} adv ocated b> se\ cnl surgeons • 
Pnbram has had personal expenence of more than a thousand ca-^es of 
all types uith \er} good results It is claimed that as drainage is 
dispensed uith there is xer} little postopcntive discomfort and 
recovery is rapid and complete It is stated that the method is 
particularly suitable for cases wath suppuration and especiall} when 
there is extension of the mflammatoiy process to the liver 



Fig 424 A —Acute infection of g«ll bladder wth ulcemi on mto Iter 


B — Electro surgical obi teration of gall bladder 
iK fnUac 4 tr !»> (Xl >4] 


Technique — The gall bladder is exposed b} anv convenient incision 
Proper exploration of tlie extent of the disease and of the condition 
ol the deeper ducts is the first step The operation area must then 
be walled off with wet saline packs If the gall bhdder is voluminous 
It is aspirated after which the c>stic duct is exposed divided and 
ligatured in the usual manner W hen easv of access the cv slic nrttr} 
should also be ligatured The gall bladder is then laid open ihijr, 
Its whole length and the contents evacuated After being thoroughlv 
dned the whole of the mucous membrane !•» destroved b} clcctnc 
coagulation (Tig 124) and the walN art then sutured together thus 
leaving a smooth serous surface Wlicn there is mflammatorv ex 
tension mto the hver or thert arc fistulx into the stomadi or l>owc! 
the viscera are not separated but an} track into the hwr rr l^c 

« LiuCTl OtI 2SI im 
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orifice of a fistula is thoroughly coagulated and the remainder of the 
viscus dealt with as described 

Another plan (Thorek) is to cut away the redundant part of the gall- 
bladder, leaving only that area whidi is attached to the liver to be 
treated bv electro-coagulation This is then covered over by a de- 
tached piece of the triangular ligament or a free omental graft sutured 
in position In both methods the abdomen is closed without drainage 

Enthusiasts urge that this method should be adopted m place of 
cholecystectomy and not simply kept in reserve as an alternative plan 
It probably has a considerableifield of usefulness m deahng with acute 
and badly infected cases, but there is no doubt that its advocates 
have exaggerated the alleged disadvantages of the occasional chole- 
cystotomy or the more usual cholecystectomy, which in expert hands 
are thoroughly satisfactory operations 

Special points in the removal of the gall-bladder for cancer. — 
The prehminar) examination is most important, for the surgeon must 
take special care to see that there are no secondary deposits in the 
liver Direct extension to the latter does not always contra-indicate 
operation, but in the presence of scattered secondary deposits, removal 
of the gall bladder is useless It is also important to examine the ducts, 
as extension in this direction may make removal impossible Some 
surgeons advise that m all cases a wedge resection of the liver should 
be carried out p 772) Direct involvement of the colon does not 
necessarily contra-indicate radical operation, but it does mean that 
partial colectomy will be required in addition to the cholecjstectomy 
If the gall-bladder cannot be removed it should on no account be 
opened, unless there is some such comphcation as empjema This 
proceeding does not relieve sjmptoms, a mucous or bile fistula 
invariably persists, and the growth is apt to f ungate through the sinus 

Results of operations for cancer of the gall-bladder — Tlie primary 
mortality is probably about 10 per cent In cases that are recognized 
as frankly malignant by the naked eye at the time of the interference, 
the ultimate prognosis is very bad for the great majority die from 
recurrence within twelv^e months On the other hand, when the 
condition is discovered fortuitously as the result of microscopic exm- 
ination of the excised gall-bladder, the results are much more 
favourable, and this is one of the strong arguments m favour of 
cholecy stectomy^ 


CriOLCDOCIIOTOMY 

Tlie common duct may' be opened in any' of its three parts, and the 
operation employed in each case has needlessly attained the dignity' 
of a special name Attention must be drawn to the anatomy of the 
duct, as shown in Fig 390, p 750 The illustrations showing the rela- 
tions of calculi to the v'anous parts of the duct emphasize some of the 
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c,??k ^1 ^ j ^ ^ seen throiiLli it or 

so thickened that it is quite difficult to cut into the lumen It must be 
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Diasrama made trom actual specimens o( calculi tn common duct 
Fig 425 — Calculus impacted m the pancreat c port on of the duct m a position 
su table for removal b/ transduodena] choledochotomy 
Fig 426 — Showing how a calculus impacted in the same s tuatlon has ulcerated 
into the duodenum through the s de of the duct the pap Ua remaining intact 
(G»y * Hop HI Umuiim ) 


clearl> realized that the supraduodenal portion of the duct is frcqucntlj 
much obscured by pathological changes Tlie infundibulum of the 
gall bladder is often adherent to the duodenum and the latter i-* 
frequentlj drau n up o\ er the duct bj other adhesions Wlien thest an. 
separated the duct comes inf o Mc%\ and by pressing the duodenum and 
pancreas do«*n\%ards an exposure of the supraduodenal part of the 
duct bc>ond its anatomical limits can easih be obtained Tlit'' 
exposure is further enhanced by the u^e of the loin support and in 
occasional circumstances it may be made still more accessible by 
mobilization of the duodenum (Kocher) This is carried out b\ gently 
tearing through or incising the pentoneum just to the outer side of the 






CHOLEDOCHOTOMY 819 

duodenum as it lies over the nght kidney It is enough to make quite 
a small opening in this membrane, as the remainder of the mobilization 
can all be done by blunt dissection wth the fingers which easily 
manipulate the duidenum forwards and inwards The incision of the 
supraduodenal or free portion of the duct is undoubtedly the operation 
of choice, and in the great majonty of cases the calculi can be remo\ed 
from this part 

Special preparation. — This is very important, but has been suffi- 
ciently dealt wth at p 785 

Technique. — Tn many of the cases jaundice will be a complication, 
and wall demand the gentlest manipulations and the most scrupulous 
regard forhamorrhage, even the smallest vessels being caught and tied 
This precaution applies to the parietal wound as well as to the deeper 
parts The abdominal incision must be adequate, and all the addi- 
tional aids to exposure will have to be emplojcd In very fat subjects 
none of these aids wU make the operation an easv one, and a headlight 
may be ^e^y useful The steps are as follows — 

1 General exploration and palpation of ducts 

2 Exposure of the common duct 

8 Incision of the duct 

4 Extraction of calcuh and exploration of ducts from within 

6 Treatment of the gall-bladder 

0 Arrangements for drainage 

7 Toilet and wound closure 

As a first step the gall bladder is examined, and i! it contains stones, 
the decision as to their treatment wall be made , but it is better to deal 
With them after the common duct part of the operation is o\er, as the 
Mscus forms a convenient handle and a safe means of making traction 
on the duct, thus helping to bring it nearer the surface and to straighten 
it The gall-bladder is also the best guide to the duct Among the 
numerous adhesions to the omentum and to neighbounng viscera, 
the surgeon must be on the look out for internal fistula, which ma> be 
hidden in an adhesion of the infundibuhform type (Fig 113, p 799) 
These must be separated before the common duct can be exposed In 
jaundiced cases the gall-bladder is usually small and shn\elled but it 
maj be voluminous and may further objure the parts, when it must 
be emptied as a pieliminaty Occasionally the gall-bladder is so much 
shnvclled from previous inflammation that it is practically non- 
existent In these circumstances it is of \er\ little value as a guide 
to the duct, and certainly cannot be used as a tractor Again the duct 
maj be so obscured from adhesions that its exposure is long and tedious 
and produces much traumatism In either of these circumstances it 
maj be possible to rotate the duct, as pointed out by Mo^nihan * 
The mancEUvre is earned out b} the fingers of the left hand wluch arc 
passed along the gastro hepatic omentum just above the pjlorus and 


* Ab(looun4>^ietal«tS*'«ol b 3nl«dn. 
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JoXtat.em s tent o^e^ 

mal bHrir^H (xn ‘he posterior surface is exposed and 

ma> be incised Wien the common duct is exposed as it lip«s m Hip 
edge of the smaU omentum it can be palpated between the first two 

iront 1 his can often be most convementh done if the sureeon stands 
on the opposite (left) side of the patient (Pig 427 ) To falpate the 



Fig 427 — Method of palpating rnnnion duct 


whole duct the head of the pancreas and duodenum must al'O be felt 
in the <?ame wa> 1/ the presence of stones is confirmed, it must be 
determined whether the\ are movable m the duct or fixed If tlicj 
are free care must be taken that thej do not slip up into the hepatic 
ducts out of reach If the} are fixed m the duct behind the duodenum 
the surgeon must endeavour to manipulate them either into tin. 
supraduodenal portion of the duct or into the bowel This is done bs 
stead} pressure on the lowest part of tlie stone, and m tlits manipulation 
considerable force may be used, provided great care is taken not to 
pull or push on the duct in such a wav as to caust ttanng A process 
of ‘ coaxing is often tlie most suixessful This ixamimtion will 
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probably determine where the duct is to be opened, and in the great 
majonty of cases the supraduodenal portion will first have to be incised 
(1) The supraduodenal operation — Packs are arranged (a) in front 
of the small omentum to keep back the stomach , (6) below to control 
the duodenum and colon, and (c) m the hepatic pouch to catch any 
of the contents of the duct that may escape m that direction The 
liver is held aside by an assistant who also makes gentle traction on 
the gall-bladder Adhesions having been separated as described, 
and the duodenum pushed well down, the duct is now exposed by 
gently tearing through the overljing pentoneum with dissectmg 
forceps Where exposure is difficult it will be an aid at this stage 
gently to lift the duct forwards by the fingers of the left hand m the 
foramen of Winslow Sometimes the parts about the duct are so 
thickened or infiltrated that they will not strip, but very often in these 
circumstances the forceps happen to tear into the duct and disclose its 
lumen Sometimes it is not possible to identifj the duct except b\ 
incision , in this case the greatest care must be taken not to carry the 
knife by the side of the duct straight into the portal vein or even 
through the duct into the vein Wlien there is great difficulty m 
identifying the duct, it may help to use a small explonng syringe 
When all else fails, the gall bladder and cy Stic duct may have to be 
sht up until the lumen of the common duct is reached 
The duct having been exposed, the next step is to secure it on either 
side of the proposed incision, either m catch forceps or witfi a catgut 
stitch the ends of which are left long to be used as guys \Vhile it is 
steadied by traction on the forceps or sutures, a longitudinal incision 
is made into its lumen The incision must be large enough to give exit 
to the stone or admit the forceps necessary for its extraction It will 
seldom be less than half an inch m the first instance, and if necessary 
may be conveniently enlarged upwards by fine-pointed scissors Care 
must be taken not to injure vessels which may cross the duct Any 
that are seen should be caught and divided between forceps The 
escape of bile at once identifies the lumen, but sometimes the content 
IS only clear mucus, and this is often so in cases of long standing 
obstruction If the secretion has been dammed up, there may be a 
considerable quantity which must be soaked up by gauze or removed 
by suction If the stone is just at the site of the incision, it may 
escape or be easily extruded by manipulation, or it may be caught in 
forceps and extracted Aif elusive stone is sometimes very difficult 
to locate, and when such a stone is felt it is best to fix it between the 
finger and thumb and to cut directly on to it, sutures or catch forceps 
being placed in the wall of the duct after the incision is made Or it 
may be easier to catch the portion of duct containing the stone in a 
pair of long nng-forceps, thus leaving the fingers free for other mampu 
lations Whenever possible, the lumen of the duct is explored by the 
finger, which is the most reliable probe At the present day, operations 
for obstructive jaundice are carried out at a much earlier stage than 
formerly and the ducts have usually not had time to get sufficiently 
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l'"Sf In the«e arcumstanccs suitable forccii 
u doiinwanis (Hg 428j and iipuirds anl if an\ 

difficulty IS expenenced in dislodging calculi and aliiays iilicn tlare 
IS debris the gallstone scoop should be lascd \er} small stones 
Iragments of larger calculi or bile sand are remoted bv passing a small 
^nd of gauze or a tape into the duct and sloiilj uithdraumg it 
there is sometimes a lateral pouching ol the lou cr end of the common 
duct m iihich stones or tWbns may be hidden and the scoop is most 
likely to remot e them or the dflbns may be extracted entangled in 
the strand or nbbon of 
gaurc In iny ci«e it is best 
to pass 1 sound m m dia 
meter (a Listers Iwugie 
insMcrs tlic purpose \cr) 
%^cH) along the duct into tl c 
duodenum for the surgeon 
ma> then feel assured that 
an) fragments which hare 
esaded hi> search will safcl) 
pass into the bowel If it 
has not l>ecn pos«iblt to ox 
tract the stone b) combined 
ii>c of the forceps and mam 
pulation It shoul I not be 
brohen but some other mute 
for Its remo\al shoul 1 be 
cliosen 

Tlie stone having I ocn o\ 
traded drainage nm«t be 
arranged a> the consensus of 
expenence is against com 
pkte d jsure of the duct b) 
suture If there is (n) jaun 
dice of Jong standing (0) 
mucli detritus in the duct 
(c) clinical or other cvidcnct 
of bile sepsis or (tf) an) qoe>.tJon about the duct lieing cleared c f 
stones tlven it should be drained b) a lube pa «<.d into its lumen 
towards the hepatic duct The proper t 5 *pc of tuIie to use is si wn 
in Fig 407 1 p 793 Its end should be cut obhqucU so aj. to 
expose as much of its lumen as possible and in addition there should 
be a lateral hole A No 10 or 12 Jacques catheter with the end ait 
ofl serves the purpose ver) well The incision in the duct sliould If* 
dosed b) interrupted sutures up to the point where the tube eniiTfies 
The T shaped tube so often recommended is not adva«ed for if it is left 
for more than a few da)s it cannot be removed without tcann., tJ '• 
incision in the duct and there is a nsk that the end piece ma) brtal 
off and be left m the duct In most cases drainage of the nteno 
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of the duct js not necessary but the incision m its wall should be 
draun together by a few interrupted sutures great care being taken 
not to narro\\ the lumen Exact closure is not necessary As some 
bile leakage is almost certain a small soft tube in diam ) should 
be threaded down to the duct on the end of one of the sutures m 
the ^\ay mdicated for cholecystectomy or after suture of the duct 
(Fig 431 p 837 ) While the succeeding steps of the operation are 
being carried out the tube is temporanly held tn stilt either by a 
catgut suture tied over byt not through it or else by a forceps caught 
on the edge of the duct 

The gallbladder is now dealt with according to the indications 
remembering that in jaundiced cases it should not be removed This 
conservative attitude is dictated by the necessity of reducing the nsk 
of hxmorrhage and because it is among the common duct cases that 
recurrences or relapses are the more frequent Subsequent operations 
on the common duct are greatly facilitated if the gall bladder remains 
as a guide Should there be a consequent pancreatitis the viscus may 
be invaluable for cholecystcnterostomy Since drainage from the duct 
or Its neighbourhood has been provided it is not usually necessary to 
dram the gall bladder independently though this may be done as the 
simplest way of finishing the operation If there has been much 
bleeding and oozing persists a gauze strand had better be packed 
over the area where the duct has been bared and m any event a soft 
rubber tube or tissue dram should be brought from the hepatic pouch 
Any exposed gauze is protected from contact with the viscera bj 
rubber tissue and the drams are brought from the abdominal wound 
together The gauze and hepatic pouch dram arc cut short and the 
common-duct tube is fixed to the skin by a silkworm stitch and earned 
through the dressings into a babys feeding bottle {See Fig 408 p 
794 ) 

(2) The retroduodenal route — Tins is only to be employed when a 
calculus IS so finnly impacted in the second part of the duct that it 
cannot be manipulated downwards into the duodenum or upwards into 
an accessible position m the first part of the duct or removed by 
suitable forceps through a supraduodenal incision In actual practice 
this method is veiy rarely necessary and it becomes less so as w ith 
increasing expenence the means of thorough exposure of the supra 
duodenal part are better understood Tlie success of the operation 
depends on the thorough mobilization of the duodenum This is 
carried out by incismg the peritoneum on its outer side and then 
gentlj separating it inwards In this way the duodenum and head 
of the pancreas can be rotated until tlieir postenor surface is exposed 
If the duct has been opened above a sound may be passed downwards 
to act as a guide Ihere is however little difficulty in identifying 
tlic duct since the impacted stone is a sufficient guide The duct over 
the stone may be caught m catch forceps and then incised longiludinallj 
During this step the pancreas may have to be incised After the 
extraction of the stone the duct is explored as ahead} described If 
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there is also an opening m the supraduodenal part drunage is better 
earned out from it otherwise the tube maj be introduced into the 
retroduodenal opening or brought from its margin If not to be used 
for drainage the opening is closed by three or four interniptcJ sutures 
of tine chromic catgut w hich do not enter the- lumen of the duct In 
any event a soft rubber dram is brought from the vicinity Pro\i<lcd 
drainage from the neighbourhood of the incised duct is arranged there 
need be no anxiety about sutunng the duct for the edges tend to 
lie together when the parts are allowed to fall into position None 
the less the edges of a large opening m the duct sliould be drawn 
together by a single suture The duodenum and head of the pancrea<5 
readily resume their former position and do not recjuire fixation 


(3) The tcansduodenal operation — This is only to be used when a 
calculus at the lowest part of the duct cannot be remoicd with forceps 
from aboic or manipulated into the duodenum by pressure with the 
fingers or pushed into the bowel with a sound In actual practice it 
is a ery rarely required w hich is fortunate for it is not a vert satisfactory 
operation 

The duodenum is isolated and brought into the wound and if this 
cannot be done easily it should be mobdired for the piirpo c The 
bowel IS packed round w ith gauze and an incision about Urn lon„ is 
made m its long axis opposite the middle of its «econd part \t the 
conclusion of the operation tl is incision is carefulK sutured in the 
opposite direction to obviate narrowing Tlie incision m the duodenum 
IS held open by catch forceps or stay sutures and the orifice of the duct 
ontheinnerwalliseitherseenorisfirstidcntified by touch Thepapilla 
may be disappointingly difficult to locate When found it may con 
aeniently be drawn up into the wound and thus made more accessible 
A catch forceps or catgut stitch is used for this purpose but must take 
a deep hold of the bowel wall othcniisc it readily cuts out If the 
stone IS actually arrested at the orifice it may be removed bv simply 
incising the latter but if it is impacted a little higher up tlie inner 
wall of the bowel and the duct must be divided directly over it (1 ig 
42o) Steps must be taken to prevent the stone slipping back into 
the dilated duct ibov e and m any event after its removal the duct 
roust be cleared by forceps and scoop or gauze If the opening rnatk 
in the duct is large it may be closed if the normal orifice is sulTicitntly 
patent If there is any doubt about the patency of the orifice or if 
the duct contains much di,bfis the incision should merely bediininidicd 
by one or two sutures passed through both the wall of the duodenum 
and the duct The actual onficc must be left larger than normal so 
that drainage may be free and there may be no contraction during 
healing If there is ha:moiTbage it may be controlled by stitching 
the w all of the duct to the wall of the duodenum at one or two jmints 


After treatment— Any gauze and the dram from the 
pouch should be remosed on Uic lourth duj The 
must remain for at least a »eek and after its remoral bile mil dis 
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charge for perhaps another vieek The complications and sequels are 
those associated with any jaundiced case, and the best prophylactic is 
free bile drainage, though excessive loss of bile may be deleterious 
(sec pp 801-2) 

Special difficulties of cholcdochotomy. — In fat and bulky 
patients this operation may be extremely difficult and hazardous 
The most important point is to secure good exposure The guide to 
the duct IS the foramen of Winslow, and even when this is obliterated 
by adhesions, its situation marks the postenor limit of the small 
omentum in which the duct lies The downward separation of the 
duodenum is the next most helpful step The surgeon must never 
incise what he takes to be the duct, until he has satisfied himself that 
the structure is in the position in which the duct normally lies 
Identification may be greatly aided by cautious use of the hypodermic 
syringe A fine needle may be inserted obliquely baclovards and 
upw ards m the position of the duct while at the same time the plunger 
IS withdrawn It must be remembered that in long standing cases 
the content of the duct is often clear, the so called “ white bile ” 
Care must be taken not to thrust the needle right through the duct 
into the portal vein Even when the duct is properly identified and 
exposed, there may be difficulty m determining whether a nodule felt 
IS really a stone This difficulty is especially great w hen the suspected 
nodule is in the second or third part of the duct The only safe rule 
is to incise right up to any lump the nature of which cannot be othcrw ise 
determined Chronic inflammatory thickening of the wall of the duct, 
a localized pancreatitis or a new growth of the duct or the ampulla 
arc the conditions most likely to lead to errors 

Removal of Calculi from the Hepatic Ducts 

It IS not necessary to give this operation any special name Calculi 
may be firmly impacted m the hepatic ducts but more commonly they 
are free, and either slip up from the common duct or are found when 
the latter is explored Wien impacted they may be coaxed down 
into the common duct or an incision may ha\ e to be made directly 
over them Wien free they may be washed out by the first rush of 
bile, or they may be caught with the Desjardins forceps WTaen they 
are known to have slipped out of reach or can be felt but not with 
draivn, they may be coaxed dow n by using the forefinger like a piston 
(Mayo) If there is any doubt about the hepatic duct being cleared it 
IS essential to pass as large a tube as possible well into its lumen for 
drainage and thus to encourage the subsequent escape of the calculus 

Other Methods Useful is Duct Surgery 

Cholangiography and ether instillation. — Cholangiography is a 
diagnostic method m which some radio opaque substance is injected 
into the bilnry tract Tins is done through a tube, like a catheter, size 
8 or 10, which is passed into the common duct towards its lower end 
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r™,nrt *“ The duct must be Closed firmlj 

round about the tube by suture ^ 

As a rule hpiodol IS employed it should be « armed and iniected 
Slowly into the common duct while observations are made with the 
flourescent screen at regular intervals Minzzi (1931) anJ others 
have used this method during the course of operation and designated 
the plan operative cholangiography As a rule it is employed as a 
secondary diagnostic procedure a week or ten da>s after a tube has 
been inserted into the duct as part of the operation of choledochotoin}^ 
By this means information may be obtained of the presence site and 
sometimes the nature of a persisting obstruction It requires patience 
care and expert X ray technique 

Pnbram (1982) has shown that the instillation of ether may dissoUe 
an obstructing calculus The plan is advocated rather than retroduo 
denal or transduodenal choledochotomy as both these operations can) 
a mortality of about 20 per cent The dram tube fixed in the duct 
must first be emptied of bile with a syringe which is then emptied 
washed out with ether and recharged and used to inject gentl) into 
the duct As a rule only about i to 1 c c is injected at a sitting and 
only drop b) drop If too much is used the patient comphms of a 
sense of internal fubess or pressure WTien the patient is comfortable 
1 or 2 c c of liquid paralBn are introduced into the tube which is then 
clamped and left so for as long as the patient is at ease The procedure 
may be repeated every day At the end of a w eek a further cholangio 
gram is made and treatment earned on or otherwise as indicated 

Though some calculi dissohe readily the instillations may ha\e to 
be earned on for as long as eight weeks to clear the duct The cessation 
of biliary drainage or the appearance of bile in the stools suggest 
that the obstruction has disappeared but it is well to confirm the 
patency of the duct b) repeating the cholangiography B) these 
methods Pnbram (1989) claims that the mortaht) following the 
treatment of common duct stones has been reduced to 5 per cent 
m his hands 

Secondary operations on the bthaiy sjstcm — In these circum 
stances great care should be exercised in proper preparation The 
mam difficult) w lU be from the presence of adhesions but though tliej 
may cause difficulties and embarrassment there are no cas« in nhtdi 
they cannot be oi ercome b> patient careful w ork M9ien one of the 
\ ertical incisions has pre\ lousfy been employed it is often a great help 
to re open the abdomen by the Kocher incision. In this wa) the 
panetal adhesions are avoided and the gall bladder and ducts ma) be 
approached from abov e and it is often easier to find a plane of clca\ ige 
The edge of the hver and the gall bladder (if still pre«ent) or the 
notch for the gaU bladder are the first landmarks at which 

The colon and the duodenum are often densely adherent to the ph 
bladder site and the operator must be on the Ipk-out for tears w h^ 
may look tmial in the making but are “snaUy rnicom ortablj 
nhm they come to be repaired Suture is best earned out as soon 
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as the part is sufficiently exposed When the gall-bladder has been 
removed there is no sure guide to the common duct except a knowledge 
of its anatomical position It may assist identification to put the 
fingers m the foramen of Wmslou and gently lift forward the edge 
of the gastro-hepatic omentum But very often the foramen is 
obliterated by adhesions, and in that event the duct can only be found 
by a fine exploring syringe 

When the necessary anatomical features are exposed but not before, 
the operation indicated can be earned out I have found that 
secondary cholecystectomy is comparatively easy and satisfactory 
Secondary operations on the ducts may be extremely difficult Special 
care must be taken to control haemorrhage and to guard against 
hepatic insufficiency during convalescence It is perhaps in secondary 
operations on the ducts that cholangiography and the instillation of 
ether may find their greatest usefulness 

Results of operative interference iwth the gall-bladder and ducts — 
In the majority of cases the operations will have been required 
for gall stones or their complications but the subject is inseparably 
connected with that of cholecystitis, and in a review of the results the 
surgical treatment of that condition must be included The subject 
may be considered under three heads 

1 Immediate mortality 

2 The relief afforded 

8 Recurrences 

1 The immediate mortality depends for the most part on the con- 
dition demanding the operation \^Tien calculi are limited to the gall- 
bladder and unattended by complications, the mortality may be as 
low as 1 per cent , whereas m operations involving the common duct 
in the presence of jaundice, and with septic complications, it may be 
as high as 25 per cent But even m cases most favourable from the 
pathological standpoint and where there is no question of complica- 
tions, the general condition of the patient and the anatomical features 
have some bearing on the results Many of those w ho require opera- 
tions for gall stones are elderly, they are often stout, the heart is apt 
to be fatty, and there is a tendency to bronchitis It is a striking fact 
that the mortality among males is about twice as great as among 
females (Edington, Walters) All these features have an influence on 
the immediate results Fortunately, with the onward march of 
surgery, operations for gall stones are being earned out at a mucli 
earlier stage of the disease, and patients now frequently come to the 
surgeon when younger and in better condition Nevertheless, the 
results finally depend on judgment m deciding on the stage of the illness 
at w Inch to interfere, on the selection of the proper procedure after the 
abdomen has been opened, and on the technical ability in carrying _ 
this out Some surgeons have special opportunities of acquiring 
experience in this class of w ork, and have operated upon large numbers 
of cascswith surprising results During 1988, at the Mayo Chnic 980 
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patient^vere subjected to cholecjstectomj uuth a raortalitv of 1 8 per 
cent T^ere uere also 30S operations for benign lesions of the bile 
ducts xMth C 5 per cent of deaths nearly half the patients m this 
groups ere jaundiced Butqmteapartfromtheworkof specialists 

m gaU bladder sui^ery the results are very good Taking a continuous 
senes of cases operated upon bj a general surgeon and reckoning all 
the \ anous conditions and operations together the mortality v. ofks 
out at not quite 6 per cent In tliose cases m which the stones were 
limited to the gall bladder but including the complications which maj 
ocair in this situation the percentage was 8 and for the common-duct 
cases nearly 14 In the hands of ordinary competent surgeons at the 
present time the mortality of operations for gallstones with their 
complications when IimitM to the gal! bladder should not be more 
than about 8 per cent and when they have invaded the common 
duct about o per cent or if jaundice is present 10 per cent Tins 
section does not attempt to deal with the comparative mortalitj of 
the individual operations which have been employed 

2 3 Relief afforded and Recurrences — In some cases persistent 
sjunptoms are due to pre-existing disease of the stomach or duodenum 
or to thronic appendicitis or cirrhosis of the Iner Very rarely 
stomach sjTiiptoms dev eloping after operation are due to adhesion of 
the py lone region to the bladder area w hich is an aigument for 
Its proper protection after cholecjstectomj There are a^o cases m 
which recurrence of sjmptoms follows rapidly on an operation of 
expediency earned out because the condition of the patient was not 
such as to justify those measure* which the pathological condition 
indicated Such events cannot be looked upon as recunences though 
the} appear so to the patient Even when the operation performed 
has been properl} indicated and earned out about 10 per cent of the 
patients complain of recurrence These patients can be divided into 
two groups — (1) those who have never evpenenced complete relief 
and (2) those who have been well for a varying penod and have then 
had a return of s}'niptoms 

In the first group the commonest causes are calculi left bebmd 
pancreatitis unrecognizedmalignantdisease and stneture of the ducts 
Tull} dev eloped mdignant disease of the gall bladder is nev er .likelv 
to be overlooked but a chroiucall} inflamed thick walled glistening 
gall bladder which is the ty^ie that often harbours earl} cancer ma} 
readil} be left unless cholec}5tectomy is frequently practised Over 
looked calculi usually lurk m tbe common duct and especiall} m cases 
in w hich there has been long standing obstruction and m v, hich lateral 
pouching of the duct has developed In some of the cases calculi 
found at a second operation have probably been lynng m the hepatic 
ducts from which they have been flush^ into their new position 
When m the gall bladder they will be found about the neck or m me 
cystic duct Some degree of pancreatitis is present in about -U per 
cent of the common-duct cases and persistence of 
the duct presumably lights it up again Structure of the duct* is a 
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condition which may be anticipated if there has been difficulty in 
carrying out exasion of the gall-bladder There will usually have 
been suggestive symptoms dunng the immediate convalescence, so 
that It IS not likely to develop as a surprise 

In the second group, in a senes of cases analysed by Judd of the Ma> o 
Clinic, the interval of complete rehef averaged two and a half >ears, 
but recurrence may follow ten or twelve or more years after the 
primary operation In this group there is usually recurrence of stones 
It may be due to the persistence of the original infection or stones ma> 
form around some fragment or fragments left behind or around a 
foreign body such as a suture (Fig 414 p 800) The persistence of 
the primary infection is illustrated by cases in which at the original 
operation, the gall bladder showed evidence of gross infection but 
without stones, while at the second operation stones were found 
Recurrence of calculi is usually limited to cases m which the gall- 
bladder has only been drained at the original operation and is one of 
the strong arguments in favour of removal of the gall bladder rather 
than simple drainage * In fact, recurrent symptoms of all sorts are 
much more frequent after the drainage operation, and are due to a 
persistence of the biliary infection, or to a fresh cholecystitis, or to a 
recurrence of calculi or to cancer After cholecystectomy symptoms 
may recur, but are then most likely to be due to pancreatitis, to 
recurrence of calculi m the ducts, or to adhesions to the site from which 
the gall bladder has been removed In a certain proportion of cases, 
further operation fails to explain the recurrence of symptoms, which 
are then probably due to some little-understood type of hepatitis 
Repeated recurrence of calculi also takes place, and these rare cases 
have an interesting beanng on the question of the gall stone diathesis 
It has been suggested that this diathesis is tlie result of toxins which 
are elaborated in the spleen and excreted by the liver Acting on this 
assumption, splenectomy has been deliberately practised to deal with ' 
such recurrences Overlooked acholunc jaundice may be the explana- 
tion of some disappointing recurrences The whole question of the 
after results has been carefully studied by James H Saint * 

OPERATIONS FOR OBSTRUCTIVE CONDITIONS NOT DUE 
TO CALCULI 

The conditions that come under this head may be — 

' 1 Chronic pancreatitis 

2 JIalignant disease of the head of the pancreas 
8 Malignant disease of the bile-ducts 

4 Involvement of bile-duct m a new growth of tlie duodenum 

5 Obliteration or stricture of the ducts following injury 

The association of jaundice with a distended gall bladder is usually 
due to malignant disease of the head of the pancreas or to chronic 
pancreatitis In the absence of signs of dissemination tlie diagnosis 
cannot be made with absolute certainty until the abdomen is opened. 

• Uur JontH Stirf i93S xtBl. So 90 ^ 399 
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and e^en then the surgeon ma> stdl be m doubt Since surgeons 
became aggressive m their attitude to the gall bladder many cases of 
obliteration or stricture of the hepatic or common duct ha\e occurreJ 
as the result of surgical mjurj during cholec>’stectom> 

W^en the abdomen is opened it is first necesary to make a careful 
examination to discover the exact nature of the obstruction and to 
determine whether or not it can be dealt with directly For instance 
a new growth of the ampulla or the pancreas maj be removed • or an 
obliteration of the bile duct treated by reconstruction of the duct 
^\^len the obstruction is of such a nature that it cannot be removed 
it may be treated b> anastomiKing the gall bladder to some part of the 
gastro-intestinal canal or one of the ducts or very rarel} a rawed 
surface of the liver Sometimes it may be expedient to establish 
external drainage and to perform a ‘'hort-circuitmg operation as a 
secondary proceeding or to unite a resulting biUar> fistula to stomach 
or small bow el 

Cholecv stevterostouv 

Preparation —All that has been said about the preparation of the 
jaundiced patient is especial)) important in these cases 

Technique — The second part of the duodenum is the ideal site for 
the anastomosis but it is not alwa)s possible to get the gall bladder 
to lie m contact without tension In these circumstances the anasto 
mosis may be made either to the stomach or to the hepatic flexure of 
the colon Anastomosis between the gall bladder and the stomach 
IS undoubtedly safe and satisfactory it is also technically easj and 
ph)’sioiogicaII) «ound In an) case the anastomosis should be made 
b) direct incision and continuous suture 

It ma) first be necessarv to draw off some of the contents of the 
gall bladder as otherwise it ma) be too tense to handle and the needle 
will puncture its lumen In anv event verv fine needles and suture 
matenal should be emplov ed If the bile is thick and tarx) itma)not 
flow through the trocar and the fundus wiU have to be incised for 
its evacuation Incidental!) it may be noted that the chances of 
relief from the interference are 'flight when the contents of the viscus 
are thin clear and water) or mucoid A light bowel clamp is applied 
to the fundus of the gall bladder and to a portion of the v iscus ^elected 
for the anastomobii The openings to be united should be at least an 
inch long It is probabl) better to excise a piece of the gall bladder 
wall about an inch m diameter when this plan is adopted t^ 
seems to be less tendency to contraction of the anastomosis The 
actual union is made with continuous catgut the first laver passing 
through all the coats so as to be watertight and h-cmostatic the 
second layer umting the pentoneum onlv One or two additional 
Lembert sutures should be applied here and there and any tags oi 
omentum or neighbouring appendices epiploiae tacked to the line oi 
union ^\^len the duodenum is selected for the anastomosis tne 
incision in Its nail should be liaiis\eTse I! the stomach is to be 

« BtJ Htd Jnm 19*3,1 119 «liert the wbob-juesoa* I* 
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used the anastomosis may be made wherever the gall-bladder lies 
most snugly against it, and this will usually be near the pylorus. 
\\Tien the union is to the hepatic flexure the incision should be made 
through one of the longitudinal bands. The abdomen should be 
closed without drainage. 

When the gall-bladder is not present, or is shrivelled or inaccessible, 
the operation just described is not possible. The surgeon may then 
unite any part of the dilated ducts to the nearest and most accessible 
part of the bowel {cholcdocho-enterostomy) or stomach, great care being 
taken to avoid tension, and the anastomosis being protected by 
neighbouring fat. If the ducts are not available for the anastomosis, 
then the operation of hepato-cholangio-cnterosiomy may be carried out. 

Choledociio-enterostomv 

The preparation of the patient and the preliminary steps of the 
operation are the same as for anj' common duct procedure. The 
common duct may be divided trans- 
versely and its open end implanted 
into an incision in the duodenum, but 
as a rule it is much better to make 
a lateral implantation as indicated in 
Fig. 429. the common duct is 

much dilated, the operation is carried 
out e.xactly like cholecystenterostomy 
'and there are no special difficulties. 

As a rule, clamps cannot be applied 
either to the duct or the duodenum, 
but they are not essential. If the duct 
is very distended or tense it may be 
aspirated as a firet step. Great care 
must be taken with lisemostasis. The 
surgeon must also take care not to 
narrow the anastomosis by too, great finesse in burjing Uie deep 
sutures. Wien the duct is only moderately dilated, tiie incision will 
have to be made oblique or nearly vertical to secure a sufficient 
opening. It should be wide enough to admit the tip of the forefinger. 

If these operations are going to be very difficult and involve much 
separation of the tissues, with consequent risk of lu'cmorrhagc in 
jaundiced patients, the}’ had better be carried out in two stages — 
first drainage, followed some weeks later by secondary anastomosis. 
For this latter purjiose the abdomen is opened through the original 
incision and the gall-bkidder is detached from the parietes. If the 
opening in the fundus is not large enough for the anastomosis it must 
be e-\tended. The anastomosis is then made as already described. 
Tlie results of this two-stage operation, both immediate and remote, 
have been ver>' satisfactory. It has the advantage that in cases of 
doubt it provides an opportunity for carrydng out cholangiography 
for diagnosis. 



Ng. 439*~Choledocho-enterostom7. 
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and even then the surgeon may still be m doubt Since surgeons 
became aggressive m their attitude to the gail bladder many cases of 
obliteration or stricture of the hepatic or common duct ha\ e occurred 
as the result of surgical injury dunng cholecystectomy 

When the abdomen is open^ it is first necesary to make a careful 
examination to discover the exact nature of the obstruction and to 
determine whether or not it can be dealt with directly Tor instance 
a new growth of the ampulla or the pancreas may be removed * or an 
obhteration of the bilcKiuct treated by reconstruction of the duct 
When the obstruction is of such a nature that it cannot he removed 
It may be treated by anastomosing the gall bladder to some part of the 
gastro intestinal canal or one of the ducts or v ery rarely a raw ed 
surface of the liver Sometimes it may be expedient to establish 
external dramage and to perform a short circuiting operation as a 
secondary proceeding or to unite a resulting biliary fistula to stomach 
or small bow el 

Cholecystenterostomv 

Preparation — All that has been said about the preparation of the 
jaundiced patient is especially important in these cases 

Technique — The second part of the duodenum is the ideal site for 
the anastomosis but it is not always possible to get the gall bladder 
to lie in contact without tension In these circumstances the anasto 
mosis may be made either to the stomach or to the hepatic flexure of 
the colon Anastomosis between the gall bladder and the stomach 
is undoubtedly safe and satisfactory it is also technically easy an 1 
physiologically sound In any case the anastomosis should be made 
by direct incision and continuous suture 

It may first be necessary to draw off some of the contents of the 
gall bladder as otherwase it may be too tense to handle and the needle 
wall puncture its lumen In any event very fine needles and suture 
material should be employ cd If the bile is thick and tarry it may not 
flow through the trocar and the fundus will have to be incised for 
its evacuation Incidentally it may be noted that the chances of 
rehef from the interference arc slight when the contents of the vjscus 
are thin clear and watery or mucoid A light bowel clamp is applied 
to the fundus of the gall bladder and to a portion of the viscus selected 
for the anastomosis The openings to be united shou}d be 3t least a» 
inch long It is probably ^ttcr to exase a piece of the gall bladder 
wall about an inch m diameter when this plan is adopted there 
seems to be less tendency to contraction of the anastomosis The 
actual umon is made with contmaous catgut the first layer passing 
through all the coats «:o as to be watertight and h-emostatic the 
second layer uniting the pentoneum only One or two additional 
Lembert sutures should be applied here and there and any tags o 
omentum or neighbounng appendices epiploic® tacked to the 1'"^ 
union ^^^len the duodenum is selected for the anastomosis tne 
incision m its wall should be transverse If the stomach is to oe 
* S , CorlcK, Inter a n .r-«l 
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used the anastomosis may be made wherever the gall-bladder fe 
most snugly against it, and this will usuaUy be near the pylonis. 
When the union is to the hepatic Ilexore the incision should be made 
through one of the longitudinal bands. The abdomen should bo 

dosed without drainage. . , . ti i • 

When the gall-bladder is not present, or is shrivelled or inaccessible, 
the operation just described is not possible. The surgeon may then 
unite any part of the dilated ducts to the nearest and most accessible 
part of the bowel (chokdocho-enieto^miy) or stomach, great care being 
taken to avoid tension, and the anastomosis being protected by 
neighbouring fat. If the ducts are not available for tlie anastomosis, 
then the operation of hcpato-cholangia-mUrosiomy may be earned out. 

CllOLEDOCIlO-ENTEROSTOMy 

The preparation of the patient and the preliminary steps of the 
operation are the same as for any common duct proce ure le 
common duct may be divided trans- 
versely and its open end implanted 
into an incision in the duodenum, but 
as a rule it is much better to make 
a lateral implantation as indicated in 
Fig. 429. Wien the common duct is 
much dilated, the operation is carried 
out exactly like cholecystenlerostomy 
"and there arc no special difficulties. 

As a rule, clamps cannot be applied 
either to the duct or the duodenum, 
but they are not essential. If the duct 
is very distended or tense it may be 
aspirated as a first step. Great care 
must be taken with haemostasis. The 

surgeon must also take care not to ^ • i j 

narrow the anastomosis by too great finesse in burying the deep 
sutures. When the duct is only moderately dilated, the incisi^ will 
have to be made oblique or nearly vertical to secure a sufficient 
opening. It should be wide enough to admit the tip of the forefinger 
If these operations are going to be very difficult and involve much 
separation of the tissues, with consequent risk of hremorrhage m 
jaundiced patients, they had better be carried out in two stages- 
first drainage. follov.’ed some weeks later by secondary an^tornosis. 
For this latter purpose the abdomen is opened through the original 
incision and the gall-bladder is detached from the parietes. If the 
opening in the fundus is not large enough for the anastomosis it must 
be extended. Tlie anastomosis is then made as already described. 
Tlic results of this two-stage operation, both immediate and remote, 
have been very satisfactory. It has the advantage that in cases of 
doubt it provides an opportunity for carrying out cholangiography 
for diagnosis. 
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Complications — In some cases though jaundice la relieved dis 
tressing sjmptoms maj foUovv These take the form of rigors fever 
vomiting and often recurrence of jaundice and are due to ascending 
cholangitis If this condition does not vield to treatment it mav be 
worth while re opening the abdomen for the anastomosis miv be 
contracted and can be re made If stenosis at the site of union is 
not the explanation Mallet Guj has suggested that the area should 
be excluded by dividing the stomach near the pjlorus closing both 
ends and making a gastro-enterostomj 

Results — These depend on the condition demanding the inter 
ference Short circuitmg in cancer of the pancreas or ducts is a most 
disappointing operation and carries a mortahtj of about 40 per cent 
It often fails to relieve itching and jaundice and would not be worth 
while were it not that in a certain proportion of the cases the supposed 
cancer turns out to be the result of pancreatitis ^\^len that is so 
the results are often ver^ good and this is what mav be expected m 
anj, non malignant condition This operation has the unusual merit 
of revocabihtj 

OPERATIONS FOR BIUAR\ FISTULA FOR INJURIES 
TO THE DUCTS AND FOR OBLITERATIONS 

Reconstructivt Surcerv of Tiic BiLivRy Ducts 
Biliar) fistui®— In this section oiilj external biliar> fistiil-c are 
dealt with Such fistul* maj give exit to bile or onlj to mucus In 
the former case all the bile secreted maj escape in thi» wav or part 
ma> find its waj into the intestine b> the normal channeK The How 
maj be intermittent or continuous and sometimes the fistula maj heal 
for a time onlj to break out again The mucous fistula mav behave 
in a similar wav In cither case gross infection maj be superadded 
Tor successful treatment it is essential to have some idea of the cause 
of anj particular fistula 

Spontaneous fistuls — These arc due to suppuration in tlic gal! 
bladder with discharge of an abscess on to the surface Tlic> are 
usually mucous fistulas due to impaction of a calculus in the neck of 
gaU h.laddfl.v be.uxalma'itanv situation 

on the right side of the bod> though usuollj it is about the umbilicus 
These cases ma> be looked upon as examples of the neglect of surgerv 
and are rapidlj becoming extremely rare 

Postoperatire biliary listuls — ^The great majontj of the fistu!® met 
with at the present dav are complications or sequel® of operations 
for the relief of gall-stones though the^ ma> of course occur after 
drainage of the biliarj, tract earned out for obstruction of unc^tain 
ongin and thej ma> occasionallv follow accidental injuries Over 
looked calcuh are the commonest single cause of persistent fistulu 
following surgical intervention but manj casca follow surgical injuries 
of the ducts The comparative frequency of these latter coses during 
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the last few years and the flood of literature dealing with them are a 
sinking commentary on the dangers that maj attend cholecystectomj 

Indications for surgical interference — In man> cases it is difficult 
to decide when a fistula may be said to be permanent or to have 
reached a stage at which surgical interference is justified because 
when the biharj tract has been deliberately drained there is a wide 
variation in the quantity of the fluid discharged and in the time it 
continues although ultimately to be folloued by recovery Generally 
speakmg external bile drainage seldom continues for longer than three 
weeks after removal of the tu^ and if it does so the probable further 
duration depends on the amount of bile reaching the intestine If 
there is enough to colour the f'eces the patency and the continuity of 
the duct are demonstrated and continued external drainage need not 
occasion alarm for bile may be discharged to the surface for months 
and yet healing and restoration to the normal channel ma\ follow 
If on the other hand bile is never found m the evacuations or there 
IS evidence of only slight intermittent discharge into the bouel the 
fact suggests some condition which will require surgical intervention 
In some cases the fistula closes intermittenth and if when it is closed 
the patient is perfectly veil and the evacuations are normal m colour 
spontaneous cure may confidently be anticipated On the other 
hand if when the fistula closes the patient feels seedy and little or 
no bile reaches the stools and there is a tinge of jaundice with perhaps 
slight pyrexia some mechanical obstruction certainly exists The 
question houever is further complicated by the knowledge that this 
amount of obstruction may be due to an overlooked fragment of stone 
which may safelv pass in the course of time and this is suggested by 
repeated attacks of colic In these circumstances it may be well 
to wait ^Vhe^ deepening jaundice follows the closure of a fistula 
there can be no doubt that there is some mechanical obstruction 
which wall require surgical intervention The combination of persistent 
biliary fistula with jaundice can occur though it is not easy to explain 
how it is produced It is a good working rule to consider the necessity 
for interference if a fistula continues after three months A pre 
operatne diagnosis of the cause of the fistula is very helpful but it is 
often extremely difficult to make The matter is complicated by the 
fact that the primary operation has often been earned out elsewhere 
and important information may not be obtainable For these reasons 
e%ery case must be considered as a problem which requires a review 
of the illness preceding the fistula of the conditions found at the 
operation if ascertainable and of the syanploms which have attended 
the fistula as well as a careful investigation of the condition at the 
time of the contemplated interference The method of cholangio 
graphy (sfcp 82o) withlipiodolmay furnishgreathelp Ifarcmaming 
calculus IS the cause this mav be dissolved by the instillation of ether 
(Pribram see p 82G ) 

The operation which may be required — Wffien a fistula is due to 
fixation of the opened gall bladder to the parietes and there is no 
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obstruction m the ducts, it is sufficient to separate the \tscus and to 
close it bj suture, the abdonunal wall also being repaired Or the 
gall bladder maj be remo\ ed When o\ erlooked calculi are the cau«e 
they must be d^t with according to the pnnciples alreadi laid dowTi 
Obliteration or stncture of the c\stic duct always demands chole 
c>5tectom\ Stnctures of the common duct ma\ occasionally be 
successfully treated b\ plastic operations or by dnaiUion Recent 
mjunes to the great ducts may be dealt with by direct end to-end 
suture Old mjunes and obliterations demand union of the gall- 
bladder to some part of the gastm-intestlnal canal, but when that 
has been removed, plastic restoration of the duct or implantation 
of Its proximal end into the duodenum are the methods available 
Some few cases ha\e been successfuUi treated by implanting the 
fistulous tract directly into the stomach or some part of the bowel 
Special preparation, — ^These patients are often m poor condition, 
are ansemic, and usually suffer in a marked degree from the special 
procimty to haemorrhage which attends jaundice Some days should 
therefore be spent in preparation on the general Unes already indicated 
on p 785 Blood transfusion may be of great \alue, and may gi\e 
just that stimulus which wall ensure a good result The discharging 
smus should be carefully dressed wrth moist perchlonde gauze so 
that the surrounding skin may become charged with the anti«cptic 
General obsenations on the surgery of ducts— These structures 
all contain a good deal of elastic tissue, and in consequence when 
partially divided they tend to gape, but if the division is complete 
the ends separate widely and immediately contract, thus favouring 
subsequent occlusion They are onlv verv loosely connected to the 
tissues in which they he. and these form a sort of a sheath in which 
they easily move Their mucous membrane is fortunatelv possessed 
of great reparative power, and tends to grow longitudmally , and is 
capable of bridging a considerable gap or making up for a considerable 
deficiency if there is the merest shred to guide it m the projier direction 
Ducts do not atrophv appreciably from disuse, though they readily 
contract and become obliterated as the result of infection, with its 
attendant inflammation and consequent development of scar tissue 
Jn the repair c*/ tom or divided docts the most important point is to 
secure approximation of the end:> , it not necesj>arv to obtain 
accurate apposition, but there must be no tension The sutured 
part should be wider, i e have a bigger lumen, than the normal duct 
This IS secured by enlarging the ducts to be sutured "by making a 
small longitudinal sht in the ends (Fig 431, p 837 ) 

Technique. — These procedures mav be among the most difficult 
and anxious in surgery , and should only “be attempted by those who 
are accustomed to operate on the liver and its ducts Every accessory 
mav be required and the operations should only be undertaken m a 
properlv equipped ojierating theatre where good dav light or bright 
artificial light is available, where ample assistance can be obtained. 
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and where ever} thing tJiat can pobSibl> be required is at hand \ 
meclianical table ts almost essential so that the height can be easilj 
ifdjusted to suit the type of subject and m order that the reverse 
Trendelenburg position can be adopted and varied at will A skilled 
ancesthetist and an experienced assistant with whom the operator is 
accustomed to work, are indispensable The incision will be deter 



43° — Method of preyentmg retraction of rectus by fixing it to 
its sheath with a few sutures preparatoiy to transverse division 
(Moilifi«l fromSr nenryCny « fisurein 1?' f y»iini ’iuri) 


mined partlj bj the operator s preference and partlj by the circum- 
stances of the case For instance, if a pre\aous operation has left 
the gall bladder adherent to tlie posterior part of an oblique incision 
it will almost be necessarv to adopt the same tj pc of incision though 
it maj be \aned as to its exact situation and length WTien the 
choice is entirelj in the operators hantL. a vertical incision through 
the inner third of the rectus, or nearer the middle line, earned right 
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up to the costo xiphoid angle and extending down as far as the 
umbilicus or even lower will best serve the purpose If still more 
room IS required it maj be obtained by cutting the rectus across 
either at the middle of the vertical incision (Fig 430) or just above 
the umbiUcus In most cases a very thorough separation of adhesions 
is essential in order to reach the ducts and it greatly helps the exposure 
of the parts to separate not only the gall bladder but also the dome 
of the liver from the panetes WTienever possible adhesions should 
be divided between forceps and the ends ligatured even the smallest 
bleeding point must not be neglected The surgeon should endeav our 
to determine the pathological condition present and decide on the 
plan to be adopted as soon after the prebmmary incision as possible 
For instance if the gall bladder has already been removed and it is 
clear that anastomosis must be made between the proximal end of the 
divided common duct and the duodenum as few adhesions should be 
separated as possible since in these circumstances they form a useful 
bond between the duodenum and the liver and serve to prevent the 
exposure of the low resisting cellular tissue 
It may be necessary to restore the common bile-duct {a) immediately 
after its division as when it is injured as tJie result of a crush or 
dunng the course of an operation such as cholecvstectomj or (i) at 
some remoter penod when the ends have become wideh separated 
and cicatrized and are buned m massive adhesions Dne CiO chromic 
catgut IS the most suitable matenal for the sutures It is u ually 
best to employ interrupted stitches because they can be more 
accurately placed and there is less nsk of narrowing the union 

{a) RESTORATION OF COMMON DUCT BV APPROXIM VTION OF TIIC ENDS 
In recent cases the first step is to identify the ends They will have 
been cared for m deliberate excisions but in other cases will probably 
be widely separated The separatidh is much exaggerated when the 
parts are exposed as for a common duct operation The use ot the 
Robson position (loin support) traction on the gall bladder and 
the displacement of the duodenum downwards all tend to increase the 
distance between the ends The upper end will usually be identified 
by the flow of bile but if this is not obvious some bile may be 
milked down by the fingers The lower end may have retracted 
behind the duodenum but may usually be found by displacing the 
duodenum downwards ^^^^en the ends are found the next step is 
to see if they can be approximated without tension This can often 
be accomplished in a surpnsing way even over a gap of an incli and 
a half If there is difficulty removi of the loin support and mobiliza 
tion of the duodenum will accomplish a great deal Sutures are then 
introduced They should be of chromicized catgut (size G/0) and 
should be passed with a fine round needle m a holder They can often 
be made to secure a good hold without actually perforating the lumen 
of the duct Comparatively few sutures are required and the 
must be outside the duct wall When possible two sutures should 



ANASTOMOSIS OF COMMON DUCT 837 

be introduced into the tissues behind the duct and should be tied 
These not only help to approMmate the pirts but also obliterate the 
dead space there Three stay sutures should then be introduced into 
the duct itself the posterior part is first dealt with and care must 
be taken that corresponding walls of the duct are approximated 
1 e to see that the ends are not rotated Before putting in the antenor 
sutures the surgeon must satisfy hunself that the lower part of the 
duct and the duodenal onfice are patent If drainage is indicated 
it must be provided This is best done by splitting up the antero 
external wall of the upper end of the duct for ^ m and bringing a 
catheter out through this slit from the proximal end of the duct 
Man} surgeons recommend a T shaped tube which lies in the suture 
line but this is wrong m pnnciple for ducts heal more kindly and 



Fig 43X — Repa r of common duct The ends have been enlarged A spl t rubber 
tube IS run down to the sutured area on one of the sutures 


With less risk of stneture when there is no foreign body m contact with 
the suture line and when the secretion is conducted to the surface from 
the proximal side There is also a risk that the T tube may tear 
away the union when it is removed or tliat it may break a portion 
being left beliind in the duct Tlie region of the anastomosis is 
covered by the neighbouring tissues or by some tags of the gastro 
hepatic omentum WTien it is not considered necessary to dram the 
duct directly a soft rubber tube must be brought from the region of 
the sutured duct to the surface as m this method of direct suture 
there is almost invariably a little leakage (Tig 431 ) Any tube left 
in the duct should be rcmo\ed in ten dajs or a fortnight after which 
the escape of bile wall probably soon cease Sometimes only a narrow 
bridge of one part of the duct remains This should be most careful!} 
prcser\ed the duct being repaired over a nibbcr tube as mentioned 
in the next section 

In old cases it ma} be extremely difficult to find and identify the 
ends ^Vhere there is a bile fistula the track will lead to the upper cut 
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end of the duct When the duct is obliterated the jiart abo%e the 
obstruction will be distended but it is not rcadil> seen as it nia> be 
\ery near the h\er and m fact the evpericncc of the Majo Clinic 
has sho^\^l that it is usuall) almcbt flush uitli that \iscus and buried 
in the midst of a mass of scar tissue Of course if still present the 
gall bladder is the guide to the duct but if as is usual it his bt^en 
excised the gall bladder notch guides the operator to a miss of scir 
tissue in ivhich the upper end of tlie duct is embedded It mij often 
be identified b} introducing a hypodermic needle ind withdrawing. 



Pig 432 Repa f of common bUe-euct bp d rect mture 

Tbc T (iib« h UD unm monunriKlrrl tnt itn uf* I ut h tnl em tr<t 


some fluid but it must be remembered that the bile in these circum 
stances is nearly or quite colourless Great care is nccessan to a\oid 
the portal \cm which ini} bulge into Uic spice formerly ocnipied 
by the duct When the upper end is identified it must be opened up 
to Its fullest extent As a rule this can easilj be done b> introducing 
the points of a pair of forceps along the track of the exploring needle 
and then separating the blades widely as they are withdrawn (Hg 
438) Tile lower end IS not so difficult to find it w ill not be distended 
but on the other hand it will not be atrophied In great difficulty 
ind uncertainty the duodenum may be ojieneil ind a probe pa^^cd 
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up from the ampulla If the upper end will not easily reach the 
lower so that the two may be sutured together without tension it is 
not worth while proceeding with an attempt to perform direct anasto 
mosis and the condition must either be dealt with by restoration 
as descnbed on the next page or by hepatico diiodenostomy 



F g 433 — D agrammatic rapresantation of the steps neeessarjr to sdentifj and 
deal with the stump ol the d rided common duct 


(b) KtSTORATIOV WHEN THL ENDS CANNOT BE APPROXIMATED 

This may have to be earned out immediately as for instance when 
1 large section of the duct has been removed in the excision of a grow th 
or a stneture or as a secondary operation when tlie ends have become 
widely retracted In these circumstances the gap may be bridged by 
one of the following plans 

1 Over a rubber tube (Sullivan) — The tube to be emplojed is 
about the si/e of a No 10 Jacques catheter It is introduced into 
the upper end of the common or the hepatic duct for about an inch 
which will presumably be close to the union of the nght and left 
hepatic ducts and is fixed to the duct by a catgut suture or an on 
circling ligature The tube then badges the interval between the 
ends of the duct and is passed through the lower end until it can be 
felt projecting for about an mcli into the duodenum (Fig 481) 
WTienever possible some part of the duct is brought together over 
the tube in the hope of establishing continuity of the mucous 
membrane at some one point The tissues round about are then 
drawn over the tube and it is finally completely wrappied round 
by omentum which is fixed to either end of the duct to the duodenum 
and to the tissues in the vicinity by a few points of suture If the 
lower end of the duct is not available or the tube cannot be introduced 
it should be passed directly into an oblique opening made into the 
duodenum and the vsall of the latter fixed to it by purse string suture 
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Md then tucked m oter it as m the Wltzel method of gastrostomv 
Mouat* found it more satisfactory to fix the tube into the duodenum 
as me first step It is wise to ptovude tor external drainage The 
rubber tube usuallj finds its nay into the bowel but it has been 
vomited Eventually the continuity at the duct is restored The 
tune taken for the tube to be \oided has laried from about three weeks 
to SIX months The new duct w ill not be lined by mucous membrane 
and stricture is hkely to follow and has done so in several recorded 
cases 



Fig 434 — Reconstruction of common bile duct OTcr rubber tube It is better to use 
interrupted sutures «nd much (fa nner catgut for the duct 
(itoiJUJfmntt / ci 

2 By a flap cut from the duodenal wall (Walton)* — It is 
claimed for this plan that a mucous membrane lined duct is pro\ ided 
Inch IS therefore not likely tocontract The upper end of the common 
duct hating been isolated the supenor border of the duodenum is 
dratvTi upon and is fixed to the structures about the hilum so as to 
dimimsh the gap as far as possible The largest sized rubber tube 
which It will admit is then passed into the upper end of the duct and 
IS fixed to it by suture A flap is then cut from the upper surface of 
the duodenum and is sutured to the margin of the duct and around 
the tube the lower end of which is introduced into the bowel The 
union may wisely be supported by an omental graft The method i> 
well shown in Fig 435 As a precautionary measure a soft tube is 
brought from the neighbourhood to the surface 

• Uneet JtOrO I93S 1 181 
(A J MaIioo Bnl J»an.SM t Oct 19 I lx 169 



P S 43S — Reconstruction of common bile duct by Walton s method 
IRt-i awn J am Bni Janrn 5h / " Octohtr Kfl ty pt mbiwn e/5 r <4 ] U allon | 

A Durt divided and opening iDidr Into <ttQd nDiD with lUp cut from Utle an i tarsed clown p Rubber 
tube lutured Into duct and open ng in duod ■na par ally cloeed c Tube Inserted I toilujdrnan and 
Utter d awn up as doseaapou b e loco unooduel o Diod n 1 dap sutured around lut>e thuaroi pirti g 
tbeiccoasime na 

8 By direct union of the hepatic duct to the duodenum 
(hepatico-duodcnostomy) — Thi*? method is the onl> one available 
tvhen the gap to be bndged is \erj extensive It has certain advan 
tages which lead the ^lajos to look upon it as the method of choice 
and with this view I certainly agree The first case operated upon 
b\ "AV J Majo was reported in 1905 and the patient was known to 
be alive and well fifteen years afterwards 
Technique — The duodenum must be located but fortunatelv the 
distal end of the common duct need not be identified The proximal 




842 


OPERATIONS ON THE BILE TRACT 

end of the hepatic duct must be found and all that has been said in 
the previous section applies to this stage of the difficult operation 
The stump of the duct is as a rule flush with the liver and the best 
guide IS the gall bladder notch which leads down Jo a mass of tissue 
in which the duct will almost certainly be found When identified 
it IS freed as much as possible^ but even so onlj a lery short piece 
will be available The duodenum is drawai up to the mass of scar 
tissue round about the site of the duct, but it should not be separated 
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and lateral \\alls of the hepatic duct, so that there is a muco-mucous 
union of the posterior and postero lateral two thirds of the duct 
The free edge of the anterior margin of the opening in the duodenum 
IS now sutured to the anterior edge of the stump of the duct and to 
the capsule of the liver or to the scar tissue just m front of the re- 
mainder of the hepatic duct, thus completely burying it, or, in other 
words, covering the opening in the duodenum with part of Ghsson s 
capsule and neighbouring scar tissue Next, a much wider area of 
the duodenum is dra\vn up and sutured to the liver to cover the 
anastomosis and to take of! all tension Neighbounng omental tissues 
are then packed round the anastomosis and fixed with a point or two 
of suture Though leakage is not invariable, a soft rubber drain 
should alwajs be brought from the neighbourhood, and if there is no 
discharge it maj be left until the first dressing at the end of a week, 
or othenvise until discharge nearly ceases Balfour of the JIa>o 
Chnic reports* that the results, both immediate and remote, are very 
satisfactory, and I myself, with considerable subsequent experience, 
can fully endorse this statement So far as Balfour kno%vs, bile has 
always been properly delivered into the duodenum, and few cases of 
subsequent stricture have occurred 

Divulsion of the strictured area of the common duct with forceps. 
Tor those cases in which the stricture is in the pancreatic portion of 
the duct, the result of ulceration, it has been found satisfactory to 
open the supraduodenal portion of the common duct and pass a pair of 
dilating forceps through the stnetured area until it is completely 
divulsed Strictures in this vicimty are usually in the nature of a 
diaphragm, and \vi\l often tear hke paper when forceps are passed 
through them into the duodenum After divulsion a piece of rubber 
tube may be placed through the stnetured part of the duct, and left 
projecting for half an inch into the duodenum It sliould be fixed by 
a single stitch to the wall of the duct and will in due course be safely 
discharged into the bowel In any event the neighbourhood of the 
incision in the duct should be drained for a time 

In the more difficult cases it wll occasionally be found necessary 
to open the duodenum and expose the papilla before undertaking 
divulsion of the stricture 

Tran^lantation of external biliar> fistula info the duodenum. — 
Tins operation, which was first earned out as long ago as 1905, 
must be looked upon as an intervention of necessity and not of choice 
It may be expedient when the multiplicity and density of adhesions 
renders exposure of the stump of the hepatic duct impossible or when 
an attempt at direct anastomosis has failed, with a resultant fistula 
When confronted with what looks like inevitable failure the surgeon 
may be wise to endeavour deliberately to make an external bile 
fistula vvhtch can later be implanted into the bowel 

Technique — ^The first step is to pass a catheter into the fistiih as 

* ini MMh. 19.1 Itxiil 311 
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far as it will tra\el The instrument must not fit too tightly or it 
ma> cause necrosis of the wall of the track The abdomen is then 
opened b> an incision including the fistula about its centre The 
fistulous track is then dissected free of the panetal tissues and dowm 
towards the liver It should be cored out with a considerable 
amount of surrounding tissue to ensure its nutrition The nearest 
accessible portion of the duodenum is then found so that the mobilized 
tract can be laid against it without tension An opening which will 
just admit the track is made into the viscus and the fistuh is drawn 
into It by an attached suture in the same wa> as the ureter is drawn 
into the bowel in transplantation The incision in the duodenum 
must then be closed around the transplant Turther protection is 
given by surrounding the union with a piece of omentum tacked here 
and there by a catgut stitch 

Choice of operation — When an injury to the common duct is 
recognized at the time it occurs it will usuillj be possible to efiect 
repair b> direct suture and this should be the surgeon s aim If for 
any reason the ends of the duct cannot be appro\imated and the gill 
bladder remains it should be united to the duodenum or stomach the 
proximal end of the duct being bgatured When the gall bladder has 
been removed the choice will generaJl> lie between reconstruction of 
the duct or direct anastomosis of the hepatic duct to the duodenum 
Occasionally a limited stneture of an accessible part of the common 
duct will lend itself to phstic repair — longitudinal division with suture 
in the opposite direction Similarly a localized area of stenosis might 
be excised and continuit> restoredb> dircctcnd to-end sulurv. Stenosis 
at the lowest part of the common duct can often be successfully treated 
by divTilsion In these matters the experience of the staff of the Mavo 
Clinic IS unrivalled and they regard hepitico-duodenostomv as the 
operation of choice m the majority of cases 

Results The surgical procedures which have just been described 

are very senous undertakings and the mortality following them is 
necessarily high and not always truly represented by the published 
figures Repeated operations have sometimes been necessary and 
smaW fvslwfse base renvavned lu spite ot tUe most adroit surgical pro- 
ceedings In general terms it is fair to say that about one third of the 
cases die of the immediate effect of the accident another third from the 
operative intervention necessary for repair and that among the 
survivors there are many late deaths Even when the operation has 
been successful in the sense that a fistula has been closed or an obhter 
ated duct restored complete cure h4s often been marred by some degree 
of persistent narrowing or recurrent sepsis in the ducts In «omc cases 
calculi have formed after these operations and have been sticccssfullv 

removed Neverthelc^ several cases have been recorded which have 

remained well over penods of from five to twenty vears and this is the 
only entenon of success 
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CholedochectoxK 

Tins operation may be required in order to deal ^vith a primary 
malignant growth of the extrahepatic bile ducts, or an extension of 
malignant disease from the gall bladder or from the stomach or colon, 
or for resection of a stricture or obliteration followng simple ulceration 
or some type of mjury It may also be part of an operation for the 
removal of a tumour of the ampulla of Vater Pnmarj' malignant 
growths are usually small and ^^ell localized, and may easily be oxer 
looked or mistaken for gall-stones A certain type of growth may 
remain local for a considerable time, and does not show a tendency 
to secondary deposits This especially applies to tumours of the 
ampulla 

Preparation. — ^The general preparation recommended for jaundiced 
patients must be earned out with special care, and steps must be 
taken to combat the anamia, for which purpose a preliminary blood- 
transfusion may be exceedingly \ aluable 
Two-stage operations. — The operation of choledochectomy may be 
tedious and difficult, and may involve much separation of adhesions, 
as well as the division of many small vessels which are difficult to catch 
and tie Prolonged operation and minor traumatism conduce to bleed 
mg and make the worst possible combination m jaundiced patients 
The surgeon must therefore consider the advisability of operating m tw o 
stages The first stage would consist of an exploration to determine 
the exact condition present and the feasibility of a subsequent radical 
operation This preliminary interference must be conducted with the 
utmost gentleness and the greatest regard to hiemorrhage, and with all 
the precautions that are proper to operations m jaundiced patients 
Having determined that radical operation holcL out good prospect, the 
surgeon provides external bile drainage via the gall bladder, whenever 
possible, though it may have to be directly from a dilated duct If 
the conditions are such that prolongation of life and addition to comfort 
are problematical as m some of the cancer cases it will be wise to be 
content with a palliative anastomosis to the gastro intestinal tract, and 
thus to conclude the operation in one stage With non malignant 
conditions a ihter mten'erence after pHnVmrmny efrunragu may maie 
all the difierence, as the nsk is greatly lessened when jaundice and its 
attendant cholaimia haxe disappeared 
Technique. — The incision must be one of those already described 
for the deeper ducts, as adequate exposure is essential The steps 
are as folloivs — 

1 Thorough exploration with special regard to secondary 

deposits in cases of growth 

2 Isolation of the duct aboxe and below the spot where it is 

tobcdiNided ' 

3 Di\ ision of the duct and decision as to the method of repair. 

4 Repair or substitution 

5 Toilet of the operation area 
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Great care must be taken at this stage not onlv to exclude the 
presence of secondary deposits but to see that there is no such infiltra- 
tion of surroundmg parts, eg the porial \em,'as might pro\e an 
obstacle to successful Temo%’aI at a later stage of the operation With 
recent advances m the technique of \ascijlar surgerj , there need be no 
hesitation m removing a portion of the portal \em as this \essel may 
safely be dimmished by suture, and it seems probable that t\ eii resection 
of a part of the vein wth end to-end suture need not prove an in- 
superable bar The actual division of the duct must be stnctlj trans- 
V erse, and steps must, of course be taken to prevent the ends retracting 
until a decision has been made as to their disposal If the ducts are 
dilated to twice or thnce theirnormal size and they can be approximated 
without tension, end to-end union as descnbed in the previous section, 
may safely be employed At this stage great help may be secured bj 
mobilization of the duodenum WTien the divided ducts are not much 
larger than normal, or there is difficultj m approximation, the surgeon 
must decide uhether to implant the hepatic duct mto the duodenum 
or carry out one of the reconstruction methods already descnbed In 
this decision he must be guided bj his oum evpenence and the con 
ditions present in the particular case There is not jet enough 
accumulated expenence to enable anyone to say definitely which 
method ought to be employed as between reconstruction of the 
bile-duct or hepatico duodenostomy, though the Mayo Clinic are 
enthusiastic about the success of the latter 

Operation for Cancer of the Ampulla of Vater 

This condition is best dealt with by the transduodenal route A 
probable diagnosis having been made as the result of the examination 
the duodenum is opened b\ a longitudinal incision oxer the site of the 
mass felt in its lumen The latter can then as a rule easily be drawn 
forward for exammation [f the diagnosis is confimied and previous 
exammation has shown that there arc no secondary deposits in the 
hver and no enlarged glands, the excision may be completed The 
base of the tumour with half an inch of healthy mucous membrane 
round about, is encircled bi an incision which goes compIeteU through 
the howef opening up the cellular tessue between the dtiodennm 
and the pancreas By makmg gentle traction and using the dissecting 
forceps the tumour with the duct is isolated and this separation must 
be continued until the common duct is «een free half an inch above the 
tumour The pancreatic duct must also be identified (Fig 437 ) 
Both ducts are now caught in forceps (not crushed) so that they cannot 
retract, and are cleanly divided The cut ends are then sewn together 
with a stitch, and their open mouths are conjointly fixed b\ a few 
points of suture to the wall of the duodenum in such a way that mucous 
membrane is continuous wath mucofus membrane It is often impossible 
to identify the pancreatic duct, m which case it mav safely be left 
to look after itself, care being taken not to obliterate b\ suture the 
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area in which it may be expected to he. If the opening in the inner 
wall of the duodenum is too large, either the upper or the lower part 
ib diminished by suture If there is a free escape of bile into the lumen 
of the bowel, nothing further is necessary, but if there is any doubt 
the gall-bladder should be independently drained, or a tube may be 
passed up the common duct and left projecting for half an inch or so 
into the duodenum, where it is fixed by a stitch to its wall. The 
duodenal incision is now sutured m the transverse axis so as to increase 
rather than diminish its lumen. 

If jaundice is present the operation maybe done m two stages 
Whipple and his co-workers* have devised a very radical method 
which, they hope, W’lU bring more cases within the range of operability 
and secure better late results The first stage composes posterior 
gastro-enterostomy, ligation and dix'ision of the common bile-duct and 



Fig. 437. — Diagrammatic representation of removal of new growth of ampulla of 
Vater by trans. 4 uodenal route. 

cholecystogastrostomy. At the second interv'ention, three or four 
w'eeks later, the descendmgpart of the duodenum is resected, wth the 
growth and a V-shaped portion of the pancreas. The ends of the 
duodenum are closed, and the pancreas is repaired by suture, the duct 
being ligatured and allowed to retractf. This drastic method will 
require extended trial to show whether it gives better long-term 
results. (Fig 440, p 857.) 

Results. — In new growths the operative mortality has been between 
85 and 50 per cent , but it may be expected to improve wntli more 
efficient preparation of jaundiced cases Recurrence is almost to be 
expected, as even in the most favourable cases it maj not be possible 
to excise enough health}’ tissue with the growth Some few cases on 
record were alive and well up to fifteen j ears after operation (Upcott). 
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Congenital C\sts of the Common Bile duct 
Simple drainage on marsupialization h-as usuallj been follou ed b) 
exhaustion severe infection haemorrhage and death Excision is 
seldom feasible and when attempted has invanabl^ proved fatal 
The best results have followed anastomosis of the c>st to the stomach 
or duodenum In very lU patients simple drainage ma} be useful 
but only m the expectation of carrying the patient on to such time as 
anastomosis to some part of the ahmentary canal can be more safely 
undertaken 

Technique — One of the vertical incisions will probably give the best 
exposure If the cyst is very large and tense it should be rendered 
flaccid by aspiration The part of the cyst which hesmost comfortably 
m contact with the stomach or duodenum should be selected fot the 
anastomosis The union should be made as descnbed under chole- 
cyst enterostomy (p 830j Great care must be taken to secure 
accurate hsemostasis If the contents of the cy stic dilation are grossly 
infected temporary external drainage should also be provided A 
small dram (size No 12 rubber catheter) should be inserted and securely 
fixed by a purse string or other type ot suture Tags of neighbouring 
loose tissue or a portion of omentum should be fixed around the tube 
to guard against leakage To ensure that the opening will dose 
spontaneously after the removal of the tube the cyst must not be 
attached to the panetes Such a dram can probably be safely removed 
about the tenth day 

CoVGENiTAL Atresia of the Bile ducts 
M hen this condition is suspected exploration should be earned out 
when the child is about four months old If the gall bladder is present 
cholecystenterostomy is indicated In the absence of this v iscus the 
blind end of the common duct must be implanted into the duodenum 
with or without the temporary support of a tube 
Results^Ladd of Boston* stated that 37 per cent of the cases 
presented possibilities of successful surgical intervention and of those 
operated upon 60 per cent recovered Patients w ere ahv c and m good 
health from six months to ten yeare after operation 
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OPERATIONS FOR DISEASE OF 
THE PANCREAS 

By G. GREY TURNER 

Anatomical and physiological observations. — A thorough knowledge 
of the surgxcal anatomy of the pancreas is of the greatest importance, 
as its close relations with many important organs m the upper abdomen 
lead to complications m diagnosis and prognosis and add very much 
to the difficulties attending surgical operations The pancreas lies 
transversely across the abdomen at the level of the first and second 
lumbar vertebra:, and as it is entirely behind the peritoneum, it is 
covered by the stomach and the lesser sac, the posterior layer of which 
lies in front of it It rests on the aorta, having the coeliac axis im- 
mediately above it and the supenor mesenteric artery and vein below 
and behind Its tail touches the spleen, a point to remember in doing 
splenectomy , the body is in such close relation to the stomach that it 
IS often invaded m the saddle ulcer of that organ , and the head is in 
close contact vMth the pylorus and the first and second parts of the 
duodenum, which forms three-fourths of a circle above, to the right, 
and below But perhaps the most important relation is to the bile 
passages The common bile duct, in its course to its termination in 
the duodenum, passes behind the head of the pancreas, and in two 
cases out of three is actually surrounded in this part of its course 
by pancreatic tissue 

The pancreas has two ducts— one, the duct of Wirsung, which m all 
but a small percentage of cases (10 per cent ) joins the common bile- 
duct just before its duodenal opening at the ampulla of Vater and the 
smaller, the duct of Santorini, which does not always function It 
follows, then, that, while on the one hand diseases of the head of the 
pancreas may interfere with the permeability of the common bile-duct, 
on the other hand gall stones or infections of the common bile-duct 
may have a direct influence on the mam duct of the pancreas In 
practice it is found that cancer of the head qf the pancreas and even 
chronic inflammatory hyperplasia, are often the cause of jaundice 
The commonest cause of pancreatitis is infection associated with gall- 
stones m the bile-passages Wiether this is brought about by’ direct 
infection along the ducts or secondanly through the lymphatics, is 
undecided, and is not a matter of great importance from the operative 
standpoint Tlie anatomical fact that the common bile-duct and the 
duct of Wirsung unite to open into the duodenum by a common orifice 
IS generally accepted as the governing factor in the causation of acute 
lircmorrliagic pancreatitis 

Physiology — The pancreas is a racemose gland comparable with the 
sahv ary glands, w ith the modification that betw een the secreting acim 
lie the islets of Langerhans w hicli elaborate insulin 
849 
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The external secretion is strongly alkaline, has a specific gra\it> of 
from 1012 to 1011, and a composition of 98 5 per cent water and 1 5 
percent solids Tlie secretion is under both nerv ous and hormonal 
control The parasympathetic vagus fibres when stimulated cause a 
flow of viscid }uice rich m ferments while secretin, elaborated when 
hydrochlonc acid from the stomach comes in contact with duodenal 
mucosa, causes a copious secretion of juice of low specific gravity and 
poor in ferments 

It IS probable that the pancreatic ferments (trypsinogen amylase 
lipase, maltase and very small amounts of rennm) arc elaborated in a 
relatively inert form and are only activated by enterokmase a product 
of the duodenal mucosa This is certainly true for trypsinogen Wien 
the juice is activated by contact with the intestinal secretion or with 
bile it becomes highly destructive to the tissues other than the 
intestinal mucous membrane It is this property that accounts for 
fat necrosis, hjemorrhages and destruction of cellular tissue in pancreatic 
disease or injury The same effect may be produced on the pancreatic 
tissue when there is retrojection of bile along its mam duct, and this is 
probably the commonest cause of pancreatitis 

Insulin is produced by the islets of Langerhans and its mam function 
IS to regulate the metabolism of the carbohydrates ^\'hen this function 
IS at fault diabetes mellitus results The islets are scattered throughout 
the gland but are most abundant m the tail It is said that a normal 
gland contains more than one thousand times more msuhn-producmg 
tissue than is necessary for the normal needs of the body Total 
pancreatectomy in the expenmenta] animal is followed by the develop- 
ment of diabetes and wasting which is not entirely prevented by the 
administration of insulm Raw pancreas given by the mouth is of 
value though not entirely protective A diet rich in lipoids par 
ticularly lecithin helps to maintain health m a depancreatired animal 
Large portions of the human pancreas have been surgically removed 
wathout senous metabolic disturbance Diabetes only rarely results 
from such destruction of the gland as may follow inflammations 
Even temporary glycosuna is infrequent in pancreatitis 

Indications. — Operations on the pancreas are performed for tumours 
(simple and malignant), cysts and pseudocysts, stone in Uie pancreatic 
daicl, acQ\e ani S)'cit»accAe \rfixtXvim3 wriA vwywiYes \h\Kvi wa dAilt. 

with at p C59 Chronic infections and jaundice due to cancer of the 

pancreas are treated indirectly by operations on the bile passages 

General operative considerations. — The following special points must 
be borne in mind when it is necessary to operate on the pancreas 
Patients whose condition demands such interference are often ex- 
ceedingly ill, particularly cases of acute inflammation The pancreas 
can be exposed either through the gastro hepatic omentum, the 
gastro colic omentum or the mesocolon (big 442, p 8G2) and the route 
chosen will depend on any bulging which may be present into one or 
other of these situations If there is nothing to give a lead, then it is 
probably best to use the route through the gastro-colic omentum 
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In the more chronic cases there are often strong adhesions to the 
surrounding parts and especially the postenor surface of the stomach 
and sometimes inflammatory exudates find their way into this viscus 
The operator must take care not to anticipate nature in this respect 
for a hole torn into the back of the stomach in these circumstances 
may be very difficult to close The vascularity of the pancreas is much 
increased in the presence of inflammation and quite apart from large 
trunks the smaller vessels are capable of giving rise to senous bleeding 
The substance of the gland is always fnable especially in the presence 
of disease It should be torn as little as possible for pancreatic 
secretion very readily escapes and this may have most serious con 
sequences For this reason a dram should always be brought from 
the neighbourhood although it need not actually be in contact with 
the pancreas Any raw area on the latter should be covered whenever 
possible either by drawing the neighbouring tissue over it and fi\ing it 
with sutures or by usmg omentum for the purpose 

TUMOURS 

There have been few recorded cases of removal of tumours from the 
pancreas Such tumours if innocent arc cystadenomata or fibromata 
Adenomata of the islets of Langerhans have of recent years been 
recognized as one of the causes of hypc^lycemia and several examples 
of their successful removal arc on record Primary malignant tumours 
may be sarcomata or carcinomata 

Non valtcnant Tumours 

In actual practice opportunities for deabng with tumours of the 
pancreas are rare Encapsulated growths may be successfully 
enucleated and those near the tail can be removed together with that 
part of the organ In all cases raw areas must be drawn together or 
covered by omentum and drainage must always be provided 

The Surgical Treatment or HypOGL\cEMiA 

Technique of removal of adenomata — In the management of these 
cases there must be the closest cooperation between phjstcian and 
surgeon llTiere so many important cfterracaf eNamrnafrons are m 
volved It is for the physician to select the appropnato time for the 
operation and to supervise the necessary pre-operative and post 
operative regime Complete relaxation of the abdominal wall is 
essential and for that reason spinal anaesthesia is recommended It 
IS suggested* that a wide transverse masion about 2 in above the 
umbilicus and dividing both recti should be employed (Fig i3S) 

It certainly gives a very good exposure but an ample mid line incision 
with good retraction is also adequate Tlic gland is approached through 
the gastro colic omentum vvhicli is divided sufficiently to give an un 
impeded view Tlie tumours are most cominonij found towards the 
tail end w Inch should be evammed first They may jircsent as purplish 

• \Vlurfo»iit1 FimiU *•/ t Jumr 191$ d. I'W 
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nodules slightly raised above the surface of the ghnd and 1 to 2 cm 
in diameter J* the suspected tumour is not ob\ious, the pancreas 
should be carefully palpated by ninnmg the fingere along its surface 
when the adenoma may be detected like a buned pea l3ut the 
tumour may be situated on the posterior or deep surface uhich 
should be examined before concluding that no adenoma is present , 
to expose the back of the gland the pentoneum must be incised along 
Its lower border These tumours may also be multiple and, when one 
has been found a careful search should be made for others 



Fig 438 —Exposure of pancreas through gastro cohe omentum for exploration and 
femoral of adenomata The parietal mcision is shown inset 
(tf a id rraiiU redraten) 

The line of clea\age between the adenoma and the ghnd can be 
deraonstrited with a blunt dissector with which instrument the 
tumour is usually easily enucleated A^esscls that bleed must be caught 
and carefully tied with the finest catgut or silk If there is oozing 
from the bed from which the tumour has been enucleated or » the 
pancreatic substance has been tom the sides of the bed should be 
drawm together with one or two fine studies It is probably safer to 
bnng a small rubber dram (-^ in in diameter) from near the tumour 
site up through the panetal incision Should there be no leakage no 
harm wall ensue and the tube can be removed at the end of a week 
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In some cases there is quite a copious discharge of pancreatic juice 
and the tube is a necessary safeguard, for when it has been omitted 
pancreatic fluid has sometimes accumulated m the lesser sac, causing 
alarming symptoms of peritoneal imtation and necessitating secondary 
drainage. The gap in the gastro-colic omentum should be drawm 
together with a few stitches and the parietes carefully repaired by 
layer suture The rectus sheath should be drawn together w’ith 
interrupted sutures, but it is not necessary to put stitches in the 
muscle Itself 

If an adenoma cannot be found, it is recommended that f of the 
pancreas, that is to say. the tail and the body excluding the head, 
should be removed 

Partial pancreatectomy. — Technique — The stomach must be held 
well up and the colon down, and it will still further help if the lorn 



439 — Partial pancreatectomy, Mallet Guy. redrawn ) 


IS elevated, as m gall-bladder operations The peritoneum is incised 
along the lower border of the gland. The tail is first separated from its 
connections and is gently dratvn downwmrds The branches from the 
splenic artery passing into the upper border of the gland w ill be exposed , 
and must be carefully caught, ligatured and divided If the splenic 
artery and its veins he very closely along the upper border of the 
pancreas it will be wiser to put a temporary' ligature around them at 
an early stage or deliberately to ligature and divide them. It will often 
facilitate the operation to remove the spleen, but this is not necessary 
simply because the artery has been tied, for its other vascular con- 
nections are sufficient to prevent necrosis. Once the pancreas has been 
released from its v’essels it c.in be readily separated from the tissues 
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m uhich It lies and can itc drauTi towards the surface It n nn 
nectssar\ to clamp the gland at the site of the proposed diNXim m 
fact It IS l>ettcr not to Tlit division should be imde dehbcntcU so 
that anj vessels or even the duct ma> lx. seen and cau^^hi btf n 
being severed othervvase these structures retract and arc often diPtcult 
to catch It IS better though not essential to divide the ghnd m a 
\ shape so that the flaps mav be sutured together to cover thr 
raw surface (Fig 439 ) It is sometime* rccommcndeil that Iheplan 1 
should be cut across vs ith the diathermv knife or seanxl vsath the catilerv 
but that IS not essential After removal tlie ctUes of the {xr^ten r 
pentoneum should be drawn together to cover the gland Ix'd llic 
stump of the gland should not be complelclv huned and in all cases 
a rubber dram should be brought from its vacinitj through the panctal 
incLsi >n Willie case* have healed walhout leakage in others there Ins 
been a free escape of pancreatic secretion sometime* contmumt, f r 
weeks Among the published cases the mortahtv has l>ctn vtrv 1 m 
probahlj due to the fact that the operation h^s onl> l>cen undertaken 
bv cxpcncnccd surgeons But such an operation must alwavs bt 
potcntiall} senou> and should never be Iighth undertaktn Tin 
obesita which is a frequent accompaniment of hj'pogl>c.amia has often 
provtd i senous embarmsment to the surgeon llie results in l«otfi 
t>'pcs of intervention have been most encouraging \n exiersivc 
literature has alreadv accumulated about this subject • 
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In susjiccted malignant disease of the pancreis when there are no 
unequivocal signs of dissemination an aWoniiriaf ojicrati n inav bt 
justifiable — 

(dl to establish the dngnosi* 

|f») to consider remov al of the grow th ev cn if that means partial 
I r total pancrcatcctom> 

(c) to relieve jaundice and itching bj anavtumt uv of the gall 
bladder to one of the hollow viMTcra 

(if) t« jvalliatc the growth bv inserti n of rad ii smls 
Malignant tumours arc usuallj catcmoniata and as tin \ so frwiiitnth 
ansc m the head of the gland and give nsc to obstructive jaundict tltc> 
liave acquired an evil reputation Hic condition u uallv taV.es the! ni 
of adinuseinfiUrationand it isonlv verj rarclv tliat a mnredcfir rd '«f: 1 
localizetl grow th is found In the <lifTu>e t\q>e it ma> lie v cr> dilT cult 
to decide on the nature of the enlargement On rare occasions tumou < 
of the i*Icts tf Langerhans removed for h\i>ogljc.T:mia have n 
histohgical examination jirovcd to be malignant Vpart frtm th s 
acadcntal finding there are some few eases on record wh-re wril 
defined malignant tumours ncarlv as large as a fist liave l>^rn 
cncnnnttrod Wlicn such tumours anst m the tail i r even in tf e N-l> 
tluv maj lend themselves tv extiqiatiin tOf,ethrr vvith llut jvirt rf 
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the pancreas m which they are situated Their removal must follow 
the lines of partial removal of the gland which has just been briefly 
described As m all operations for abdominal cancer, the surgeon 
must first be satisfied that there is no dissemination to the liver, that 
glandular invasion is not extensive, and that local extension of the 
growth, especially postenorly, does not render the attempt at removal 
unwarrantable 

Technique. — It is essential that exposure should be adequate, and 
the surgeon must not hesitate to make a sufficiently long mid line 
incision and also, if necessary, to acquire still more room by cutting 
across one or other rectus muscle, usually the left The transverse 
incision descnbed in the previous section may be entirely satisfactory 
As a rule, the mtra abdominal approach will be through the gastro- 
colic omentum, but the growth of the tumour upwards and fon.vards 
may dictate the gastro-hepatic omentum as the better avenue At 
an early stage the splenic artery and vein should be exposed, ligatured 
and divided, after which there need be little fear of gross haemorrhage, 
though all vessels seen must be carefully caught before being severed 
\Vlien the tumour is m the extremity of the tail, removal of the spleen 
will be almost a necessity, but even wth a tumour further remo\ed 
splenectomy will often facilitate the intervention \\'hen the pancreas 
with the tumour has been completely freed from its surrounding con- 
nections, it should be lifted well forwards into the wound so that the 
body of the gland may be clearly seen before being divided It is not 
necessary nor is it wse to put a damp across the gland, which should 
be divided section by section, sutures being introduced and some tied 
before the division is complete The sutures may be of catgut or silk 
Needless to say, hamostasis must be accurate and drainage must 
always be provided 

Operation for removal of the head of the pancreas and for total removal 
of the gland. — If, after thorough preliminary' examination, the surgeon 
decides that extirpation of the pancreas is feasible, the necessary 
intervention should be earned out m stages The first stage con- 
sists of gastro-enterostomy, ligature of the common bile-duct and 
cholecystgastrostomy The second is the removal of the pancreas, 
which necessitates excision of the loop of the duodenum The interval 
between the stages is usually about three weeks, but unless recovery 
after the first intervention is satisfactory it is not wise to proceed to 
the second stage At the first operation the incision must be m the 
middle line and of sufficient size to enable the parts to be carefully 
inspected, for the surgeon cannot decide by palpation alone whether 
the condition is operable If there are signs of dissemination, radical 
operation is out of the question It is sometimes recommended that 
the gastro-enterostomy should be of the en y type, but this is not 
essential The union between the gall-bladder and stomach should be 
made well on the proximal side of the pylorus and witli a large opening 
{see p 880) 
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At the second intervention which is made In re opening the ongmal 
incision the duodenum IS divided just bevond the pvlorus theproximal 
end being securely closed To expo e the rest of the duodenum it is 
necessary to mobilize the hepatic flexure of the colon and dnw 
it downwards At this stage it is well to divide the gaslro-cohc 
omentum over the whole extent of the pancreas Great care must be 
taken to avoid the middle colic and the superior mesenteric arteries 
The division of the distal part of tlie duodenum is made in its third 
part and the distal end is sccurelj closed The mobilization of the 
pancreas with the tumour is best commenced b> dividing the pen 
toneum along its Iov\ er border \\ ith the finger behind the gland :l is 
lifted forwards so that the upper border with the splenic artcrj and 
vein can be defined These vessels are securely ligatured and divided 
If the whole gland is to be removed the tail is completelj isolatetl 
drawn downwards and then lifted forwards and turned to the right 
The separation of the head can then be earned out partly from behind 
and partlj from the outer side after free division of the pentoneum 
as It is reflected from the second part of the duodenum At the upper 
border of the head the common bile duct must be carefully isolated 
and if this has not already been done must be ligatured with cliromic 
catgut or silk and divid^ The ver> close association of the portal 
vein and supenor mesentenc vein and artery must be ever in the 
surgeon s mind and the vessels must be carefulh separated from the 
gland The portal and mesentenc veins have large lumens ind if 
some part of the wall is verj adherent or even infiltrated it maj be 
cut awa) the resulting defect m the vein being closed b> a continuous 
suture of fine artenal silk The veins must be caught m light damps 
before any part of their w all is excised othervs ise v eiy copious blood 
loss mi> occur m i short time The clamp should be a vxiscuhr clamp 
or a very light bowel damp but not a crushing forceps The vena 
cava is in close relation to the back of the gland and can best be exposed 
and separated from the outer side If the tad of the gland is w ell aw ay 
from the growth it need not be removed but tlie cut surface should 
be drawn together b> suture It is unnecessarj to attempt to implant 
this part of the gland into the bowel as was suggested b\ Coflej and 
earned out by Desjardins The space from which the head has been 
removed can be diminished hj a lew sutures hetw een pentonca’i edges 
but It cannot be obliterated and should alwaj-s be drained (Fig 4-10) 

This same tj-pe of operation has been cmplovcd in dealing with 
malignant growths of the ampulla of Vater with encouraging results • 

W^ere the growth cannot be removed biliar> obstruction and itclmig 
due to the resulting jaundice ma\ be relieved bj cholecjstgastrostomv 

In inoperable cases Sampson Handley has implanted radon seeds 
into the mass with some success 

Results — Of Finnej s 17 cases 9 recovered and 8 all malignant 

• WailppJe Parwai ( Oc 1935 ol, 7S3 
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cases with adhesions, died • He considers that the prognosis depends 
upon the situation of the growth, being more favourable in tumours 
m the tail of the pancreas than m those nearer the head, while if the\ 
are pedunculated the prognosis is still better Gordon Taylor s patient 





Fig 440 — Excision of head of pancreas 
in two stages 
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was alive and well for eleven years after removal of a massive 
carcinoma of the body of the gland Recurrence then took place, 
leading to death just over thirteen years after operationf In Sherren's 
case}, a sarcoma of the head of the pancreas the patient w as m goo 1 
health eighteen months after operation 
CYSTS 


Cj sts of the pancreas ma> be divided into true cysts (retention, c) Stic 
adenoma, hydatid) and pscudocysis, which are either inflammatory 
effusions into the lesser sac or collections m the peri-pancreatic tissues 
These pseudo-c> sts sometimes attain a considerable size, and have given 
rise to manj mistaken diagnoses 

C\sts usually present between the stomach and the transverse colon, 
being covered by the gastro-colic omentum (Fig 441 ) Occasional!} 
thej displace the stomach downwards and present between thestomach 
and the liver through the gastro hepatic omertum If the} anse from 
the tail of the pancreas tlicj may grow into the mesocolon, either 


tUicrt 1911 I M9l 
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displacing the colon do\ra\%ards or Ijing behind it Albert and Page 
report a cpe in uhich the c^ st emerged through the foramen of W mslow 
As a rule it is onl) the smaller pancreatic cj sts that can becomplctch 
removed, but the question of operabilitj cannot be determined until 



Fi|; 441 — Diagram of pancreatic cjsts show ng d fferent presentations. 
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the surgeon has the opportunity of making a complete c\ploralion 
with the abdomen opened It i> not entircl) a question of size but of 
the fixity of the cy st to the surrounding parts and especially tin. nature 
of Its attachment to the pancreas Tliere can be no doubt that m the 
majont\ of cases drainage is all tint is necessaia and it is ccriamh 
much safer than total remo\al Nexerthelcss when there aro k" 
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adhesions or perhaps none at aJI, and the surgeon can explore the site 
of attachment at an earlj stage of the operation, there are some cases 
in which tile cjst ma> be safelj enucleated from the pancreas and 
there are others situated near the tail of the gland in which the c>st 
may be removed together with a part of the gland In a senes of 4C 
cases reported (to April, 1930) from the Slayo Clinic, 7 were enucleated 
or excised and 83 drained, and 6 were partially excised and dramed 
If the cyst cannot be completely removed, it is oiten possible to excise 
a considerable portion, but in doing this the surgeon must be sure that 
he leaves enough cj st Avail to attach to the panetes for drainage In 
all cases where drainage is to be earned out, the intenor of the cjst 
should be gently explored, for sometimes masses of d6bns may be 
removed and will facilitate recovery But manipulations inside the 
cyst must be gentle, as otherwnse senous hiemorrhage ma> be set up 
and may be difficult to control If the cavity is very large or there is 
hemorrhage, it may be wise to pack lightly with gauze In any case 
a large tube will have to be left tn stiu Tor the pseudo-C 5 sts drainage 
is all that IS necessary 

Technique.— The abdomen is opened by a supra-umbihcal median 
incision In most cases it will be found best to expose the cyst by 
dividing the layers of the gastro-cohe omentum The general 
pentoneal cavity must be shut off with flat swabs, as the contents of 
the cyst might irritate the pentoneum or at least the fat m the abdo- 
minal wall m the event of an accidental rupture The cyst hanng 
been exposed, its relations and attachments must be investigated 
There are three methods of treatment— complete enucleation partial 
removal with drainage, and drainage after suturing the cy'stwall to 
the panetes (marsupialization) There is no doubt that of the three, 
enucleation is the most satisfactory, as it generally allows immediate 
closure of the abdomen Treatment by drainage may be prolonged 
Unfortunately there are very few cases m which removal is feasible 
If enucleation be decided upon,at is better to separate the attachments 
without evacuating the cyst-contents, but great care is necessary 
to avoid rupture If the cvst-wall is thin, and therefore likely to 
give way, and there seems a good prospect of enucleation, the cyst 
should first be emptied through a cannula before the deep separation 
is done Tlie cyst is enucleated by blunt dissection often considerable 
hamorrhage is encountered The pnncipal danger is injury to the* 
superior mesentenc artery, an accident which is almost certain to 
prove fatal Injury to the splenic artery or to the artencs of the 
stomach is less senous, as these organs have additional supplies 
After removal of the cyst, the area must be examined m a good light, 
any bleeding-pomts controlled, and the pancreas sutured as ith catgut 
if It IS lacerated It may be necessary to use gauze packing to control 
oozing from the c> st-bed, but this should be avoided av henev er possible 
as it encourages subsequent fistula If giuze must be used, it should 
be Avrapped in rubber tissue and a tube should be used in addition, 
to provide drainage after the gauze is remoA ed 
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If enucleation is considered inadMsablc the cjstwall is brought 
up to the abdominal incision and sutured to the parietal pentoneum 
If It \sill not reach up to the panetes the cjst should be emptied 
through a cannula uhen it tMll be found easier to bring the uall 
forward An incision is made into the cjst either at once or subse 
quently (Gussenbauer s two stage operation) and a large drainage- 
tubeinserted Inpseudo-cjstsitisonlj necessary to establish drainage 
An antenor incision o\er the most prominent part of the swelling is 
usually emplojed but when the catitj is ^e^J large and especially 
when It extends towards the left a second independent drainage 
opening may greatly facilitate recotery The latter should be made 
m the left subcostal space near the border of the erector spmie As 
the fluid from these cysts at least from the true cysts may imtate or 
even digest the skm a protectne dressing of white of egg is a wise 
precaution 

After treatment — The tube can usually be remo\ ed m tw o or three 
weeks by which time the dischaige will probably be much lessened 
Thereafter it may quickly cease or may persist for so long as to be 
xery troublesome fa that case special consideration must be given 
to diminishing secretion and inducing the track to close A stnet 
diabetic diet has been found effective in reducing the amount of 
discharge and the addition of much fat to the diet has the same effect 
Wohlegemuth advises bicarbonate of soda in large doses Irritation 
of the skin may be mitigated b\ drying it and painting with white of 
egg or milk or 2 per cent hydrochloric acul 

Results —Cases treated by drainage may be expected to mike i 
good immediate recovery with a mortality of about 5 per cent but 
ultimate recov ery is often slow and there is a residue of patients w ith 
persistent fistuls and a few develop diabetes 

Complete extirpation can be performed in only very ftw cases and 
cames a mortality of about 20 per cent 

INFECTIONS 

Inflammations of the pancreas excluding the rare cases due to such 
disorders as mumps typhoid fever tuberculosis and sypluhs result 
from coincident infections of the bife-passages It foWows that 
while in some cases of acute and subicute pancreatitis a direct 
operation may be done on the gland it is often necessary to combine 
this w ith some procedure designed to counteract the infectiv ity of the 
bile In chrome pancreatqis operative treatment is mainly directed 
to the gall bladder and biliary ducts 

Although It 15 customary to speak of acute pancreatitis as lixmo 
rrhagic gangrenous or suppurative these are not clear-cut clinical 
typesand their main features may overlap to a considerable extent As 
met with m practice the cases usually range themselves in one or other 
of three groups (1) the very acute fulminating varieties which mav 
turn out to be ha.morrhagic or gangrenous Death often occurs w itliin 
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18 hours and autopsy may disclose diffuse hrcmorrhagic infarction or 
infective necrosis of the greater part of the gland Obviously there 
IS little that can be done in such very acute conditions, and it is 
doubtful if opening the abdomen adds to the chance of recovery If 
a case which begins as a major abdominal catastrophe does happen to 
show signs of recovery, there may be a stage at wlncli drainage of the 
gall-bladder or an incision into the extra peritoneal tissues may help 
(2) The next group is an acute vancty but of moderate seventy m 
which spontaneous recovery may occur either with or without the 
formation of localized abscesses (3) In a third group in which pan- 
creatitis IS found usually unexpectedly on opening the abdomen the 
symptoms are those of an accompanying acute gall bladder infection, 
often w ith suppurative cholecystitis 

Surgeons disagree profoundly on the place of operative interference 
m acute pancreatitis In my opinion it is wiser to operate (a) lest there 
be some mistake in diagnosis, for acute biliary infections, leaking 
ulcers and even high intestinal obstructions have all been mistaken 
for pancreatitis, (6) because drainage of the biliary system is a valuable 
method of influencing the course of the disease If the case is not 
seen until the acute symptoms have settled down and the patient is 
improving in every respect, operation is not indicated Sometimes 
improvement occurs up to a point and is then arrested or followed by 
pyrexia and other signs of recurrent inflammatory trouble with evidence 
of pancreatic insufficiency In these circumstances a lump may be 
detected about the situation of the gland This usually means that 
there is some necrosis with abscess formation Sometimes these 
abscesses find theirway into the stomach or duodenum but if this does 
not occur they should be explored Jn these circumstances the wisest 
course is to be content to open and establish dramago , sloughs can 
be more safely removed after the dramage track has been shut off 

Epitome of treatment. — Most benefit follows free external bile 
drainage, and many cases are cured by this alone Wien the gall- 
bladder cannot be easily reached for this purpose, it may be possible 
to open the common duct Tlie gall bladder must never be removed, 
ss It msy mit'tiasMc at a }ater stags !ar cijoiscyssntcr&stsmy 
Incision of the substance of the pancreas itself is of doubtful value, 
but should it be considered advisably n blunt dissector should be 
employed for the purpose, owing to the risk of sev’ere h.cmoirhage 
If there IS much effusion in the flanks, and evidence of retropentoneal 
involvement, as shown by surface discoloration (Grey Turner's sign), 
separate incisions must be made m either loin to open up the retro- 
peritoneal space for drainage Wlien tliere is a definite localized mass 
the surgeon may find a considerable retroperitoneal collection, whtcli 
may be drained from the front Wien the case is of longer duration 
and the s>mptoms indicate sloughing of a considerable part of the 
gland, the sloughs must be sought and remov'ed Dunng convalescence 
the surgeon must be on the watch for signs of pancreatic insufTicicncy 
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Technique —The abdomen is opened m the middle line abo\e the 
iimbihcus or through a \ ertical rectus incision The peritoneum nearh 
always contains fluid which may be clear straw -coloured blood 
stained or slightly turbid The diagnosis is confirmed by the presence 
of fat necrosis which is often the first abnoTroahly tecpgnueii The 
biliary tract is then exammed the gall bladder and common bilesluct 
being palpated for stones In most cases a cholecystostomy is all that 
sliould be done The patients are nearly alw-ay s far too lU for measures 
requiring much manipulation and unless stones m the common duct 
are easily accessible they should be left for a future mtervention The 
one essential is to establish external biliary drainage 

If It is considered necessary to expose 
the pancreas there are three lines of ap- 
proach (1) through the gastro-hepntic 
omentum (2) through the gastro-cohe 
omentum and (3) through the transicrse 
mesocolon (Tig 442) Of these the last 
owing to nsk of injunng the middle colic 
artery in swollen tissues is not to be re 
commended The approach through the 
gastro colic omentum is the better of the 
other two TTie pancreas is exposed through 
the lesser sac after shutting of! the 
general cavity of the pentoneum witli 
moistened gauze sw ibs A certain amount 
of blood stained exudate is usually found 
around (he gland Punctures are made 
into the pancreas with a blunt instrument 
and the oigan is drained by tube or gauze 
tamponnade 

There has been some difference of opinion 
Fg < 4 * —Lines of approach on the advisability of attempting to dram 
to the pancreas pancTcas directly in the acute staqe 

before necrosis or pus formation Probably 
It IS more a question of the relief of tension by incising the coverings 
of the gland 

The general peritoneal cavity need not be drained unless the fluid 
is obviously infected Isev ertheless when there is a great deal of fluid 
which is flaky and perhaps offensive a tube from the pelvis through 
an mdependent opening above the pubes may be a comfort both to 
patient and surgeon 

If the pancreatic inflammation goes on to pus formation an abscess 
will form immediately around the pancreas or it may pass towar^ the 
left lumbar region or upwards to tlie left subphremc space If the 
pus cannot safely be reached from the original mcision separate 
drainage must be provided in the flank or subcostal region (hig 443 ) 

Complications and sequel* — ^After the immediate danger of 
IS passed sejisu. and hxmorrhage are the cliief comf Iications ''n»» 
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sloughing of the pancreas and wth abscess haemorrhage is a serious and 
not unusual feature in the course of convalescence The large artenal 
branches along the upper border of the pancreas, mostly derived from 
the splenic artery, are usually the source The splenic and mesentenc 
veins may also become thrombosed, with fatal results Large portions 
of the gland may necrose and be discharged as sloughs . sometimes only 
the head of the gland remains In these cases and even when there 
much less destruction, pancreatic insufficiency becomes a senous 
menace Continued slight vomiting is always a very suggestue 
symptom and, later wasting, air hunger and cyanosis are pathogno- 
monic To anticipate and correct this condition care must be taken 
wth feeding, and the secretion of the gland must be stimulated by the 



443 — ^Drainag« of pancreas through incision in left flank 
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exhibition of weak acids, while an attempt should be made to supply 
the deficient ferments by giving extracts of the gland by mouth 
Estimation of the serum amylase and lipase is a guide to the extent 
and progress of the deficiency In the Hter stages, persistent fistula 
or diabetes maj occur The treatment of fistula is discussed on p 800 

Relapses after operations for acute pancreatitis. — The majonty of 
cases that survive operations for acute pancreatitis appear to be com- 
pletely cured Early recurrence may follow msufficiently prolonged 
drainage but the condition may return after months or y ears Recur- 
rences are usually much less severe than the pnmarj condition and 
normally recover without operation A proportion develop chronic 
pancreatitis or diabetes, so that the prognosis after operation must be 
guarded Recurring attacks of pain are probably due to overlooked 
gall stones or to concomitant duodenal ulcer Sometimes a cyst 
dev elops as a late sequel 

Results. — ^The mortality in cases operated upon dunng the acute 
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phase IS between 50 and 60 per cent When intervention is delajed 
the mortality among those who survive and require operation is from 
15 to 20 per cent 


CHRONIC PANCREATITIS 


It may be agreed that excluding cases due to certam specific infec 
tions to pancreatic hthiasis or to direct extension from ulcer of the 
stomach or duodenum chronic pancreatitis results from some pre 
existing and coincident infection of the gall bladder or bole ducts It 
follows that in order to obtain a cure treatment must be directed to 
remedymg the bihary infection This is effected by removal of the 
cause such as gall stones and by biliary drainage (for two to three 
months as a minimum) The simplest method is bj cholecystostom> 
but if the common bile-duct becomes occluded a more or less permanent 
fistula may result which is not only a great mconvemence but also 
deprives the patient of the digestive value of the bile To ov ercoine 
the difficulty Wimwarter in 1880 did the first anastorao'is of the 
gall bladder to the intestine and at the present day this is the accepted 
treatment in cases of well established non malignant pancreatitis 
aflectmg the head of the organ Four sites have been used for the 
anastomosis — (1) the stomach (2) the duodenum (3) the jejunum (4) 
the colon Anastomosis v. ith the colon may be dismissed as inadvisable 
if any of the other three courses is available for the contents of the 
large bowel have a much higher degree of infectmty than the other 
parts of the alimentary canal Cholecjstgastrostomy is usuall} 
Ciisy and the introduction of bile into the stomach does not appear 
to cause inconvenience Cholecysto-duodenostomy would «eem to 
be the ideal procedure as the bile enters the mtestmal tract approxi 
matel} at the spot where it should enter It is not a very difficult 
operation if the duodenum can be brought well fcnvard In some 
cases it may be necessary to adopt Kochers method of mobiliring 
the duodenum which consists in making a vertical incision in the 


pentoneal reflection just to the outer side of the duodenum and racing 
it forwards by blunt dissection with the fingers In cholecysto 
jejunostomy a point in the jejunum some 14 in from the duodeno- 
jejunal flexure is chosen and a loop brought across the abdomen below 
the omentum and upwards in front of the hepatic flexure of the colon 
Anastomosis is easy but to prevent delay in the passage of the intestinid 
contents and also to lessen the nsk of infection it has been suggested 
that the operation should be supplemented by an entero anastomosis 
between the afferent and efferent hmbs of the loop Details of Ui^c 
operations wall be found on p 830 but it may be said here that of the 
four methods anastomosis between gall bladder and stomach is 
generally adopted If the patient is very ill or when there is jaundice 
or many adhesions the anastomosis may be made in two stages 
As a first stage external drainage of the gall bladder is secured an 
if the improvement in the condition justifies further intervention tne 
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gall bladder is later separated from the panetes and united to stomach 
or duodenum 

In certain cases the gall bladder may not be available — e g where 
it has been removed at an earlier operation There are then tuo 
alternatives (1) toanastomosethecommonbile duct to the duodenum 
(choledocho enterostomy) or (2) to arrange for prolonged drainage of 
the common bile-duct (choledochostomy) 

Mallet Guy states that the maximum amount of change in chronic 
pancreatitis is limited to the tail of the gland and for that reason 
recommends hemipancreatectomy He has reported four cases m 
which the results were satisfactory The technique is that described 
in connection with the treatment of hypoglyciemia (p 858) The 
difficulty of clearing the splenic vessels is emphasised Drainage is 
always employed and discharge of secretion may continue for some 
weeks 

Results — Cholecystenterostomy for chronic interstitial pancreatitis 
Carnes an immediate mortality of about 10 per cent The subsequent 
health of the patient largely depends on the amount of damage 
sustained b> the gland as the result of the inflammatory process 

Pavcrcatic Litiiiasis 

This condition is very rare It occurs more often m men than in 
women The calculi are usually multiple and vary from mere sand 
to the size of a walnut They are not facetted and are usually light 
in colour Though often found near the head of tlie gland they maj 
be scattered throughout its substance There us often fibrosis either 
of the whole gland or in the viamty of the calclus and this may make 
it difficult to detect the stones by palpation In the few cases 
recorded the calculi have generally been situated in the head and have 
been removed by the transduodenal route exposing the ampulla of 
Vater through an incision in the second part of the duodennm The 
opening of the ampulla is slit up and the stones are remov ed from the 
duct of Wirung wth fine forceps or a scoop In other cases a direct 
incision has been made into the gland and the calculus removed \Vhen 
this has to be done drainage by tube should be provided In most 
cases there is associated disease of the biliary tract in the form of 
calculi either wath or without infection For this reason a careful 
examination of the gall bladder and ducts must always be made and 
any pathological condition appropnatcly dealt with 

There is often associated fibrosis of the gland which may make it 
difficult to palpate the stones In such cases drainage of the biliary 
system is indicated 

The Pancreas and Gastrectomy 

The pancreas maj form the base of an eroding gastric ulcer and a 
crater may be left exposed when the stomach is separated from 
the gland in the course of gastrectomy It is not necessary to excise 
29 
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CHROVIC PANCREATITIS 

It miN be agreed that excluding cases due to certain ^THCl ic nice 
tjons to pancreatic hthiasis or to direct extension from ulcer of tf f 
stomach or duodenum, chronic pancreatitis results from som*' pre- 
existing and coincident infection of the gall bladder or btit dtets It 
follows that in order to obtain a cure treatment murt lx. directed to 
remedy mg the bihar> infection Tliia is effected b\ mno\*al of tin. 
cause such as gall stones and b\ bilnr> drainage (for twj to three 
months as a minimum) Tlte simplest metho<! b b> cholecjstosto in 
but ifthccommon bile-duct becomesoccludetl amon or loss prnnanent 
fistula max result which is not onij a great inconsenienci lut a^o 
depnses the patient of the digcstue aalne of the hilo To overcome 
the difhculrt Winiwarter m 18S0 did thi first anasto mKis of th'* 
gall bladder to the intestine and at the present dav this is the accepted 
treatment in ca«es of well-cstablishtd non malignant panrrntifis 
affecting tlic head of the organ Four sites have Iwn u-^l fnr tin 
anastomosis— (I) the stomach (2) the duodenum ( 1) the jejunum (41 
thecolon Anastomosiswiththecolonmav l)cdi5m s-ctJasinadvivanr 
if an> of the other three course ls available for the contents i f the 
large bowel have a much higlur degrte of mfcctiviU linn the other 
partb of the ahmentara canal Choice) stgastro^tom}. is iisuillv 
eos) and the introduction of bile into the siomacli does not apjx. vr 
to cause inconvenience ChoIec)NttMhiodcno«tom> would s^^m to 
lie the ideal procerlure as the bile enters the intestinal tract anpniM 
matcl) It the spot where it should enter It is not a verv difiicull 
ojicratiori if the duodenum can lie brought well fcrwanl In some 
cases It max be ncccssara to adopt Kochers methovl of m Inli/ir* 
the diKKltnum whicli consists in making a vertical incisn n m tl r 
pcntonial reflection just to the outer side of the duodenum md niun 
It forwards b> hlunt dtsscction watli tbc fingers In ch 1 cydo- 
jejunoblomv a jxiint in llit jejunum some 14 in fn m ihi* duKl/r-v 
jejunal fitxurc is chosen and a loop brought acros*. the alxl inen 1-^1 
the omentum and upw-ards in front of the hepatic flexure r f the ci * » 
\nastf)mosL>tscas) but toprevtntdelav m thcjusxagcof tl cinle'ti tal 
contents and also to lessen llu nsK f f infection it has been sn^ i-^tcd 
that tht ojxTation should l*e supplemented b) an i nfer^anastom-a*!' 

I etwean the aflerent and efferent limbs t f the 1 xqi Details of th'--^ 
operations will he found on p fvlO but it niav Iw- said here that of the 
four nuthods anastomosis Ivtwern ^allbbd’er an-1 stomsdi i' 
ginerall) adopietl If the patient is \rr\ ill or whru tlerc is J2tti?it e 
or manv adhesions the anastomosis max lx* made m two 
As a first stagi external drainage of the gall bli Sder is v-et rc<l ar* 
if the imj rovement m the conditun ju«tit es furtl er m'rrvrnti'^n t:-" 
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gall-bladder is later separated from the panetes and united to stomach 
or duodenum 

In certain cases the gall bladder may not be available — eg where 
it has been removed at an earher operation There are then two 
alternatives (1) to anastomose the common bile-duct to the duodenum 
(choledocho enterostomy), or (2) to arrange for prolonged drainage of 
the common bile-duct (choledodiostomy) 

Mallet-Guy states that the maximum amount of change m chronic 
pancreatitis is limited to the tail of the gland and for that reason 
recommends hemipancreatectomy He has reported four cases in 
which the results were satisfactory The technique is that described 
m connection with the treatment of hypoglycaimia (p 858) The 
difficulty of cleanng the splenic vessels is emphasised Drainage is 
always employed and dis^arge of secretion may continue for some 
weeks 

Results — Cholecystenterostomy for chronic interstitial pancreatitis 
carnes an immediate mortality of about 10 per cent The subsequent 
health of the patient largely depends on the amount of damage 
sustained by the gland as the result of the mflammatory process 

Pancreatic Lithiasis 

This condition is very rare It occurs more often m men than in 
women The calculi arc usually multiple and vary from mere sand 
to the size of a walnut They are not facetted and are usually light 
in colour Though often found near the head of the gland, they may 
be scattered throughout its substance There us often fibrosis, either 
of the whole gland or in the vicinity of the calclus, and this mav make 
it difficult to detect the stones by palpation In the few cases 
recorded the calculi have generally been situated m the head and have 
been removed by the transduodenal route exposing the ampulla of 
Vater through an incision in the second part of the duodenum The 
opening of the ampulla is sht up. and the stones are removed from the 
duct of Wirung v\ ith fine forceps or a sojop In other cases a direct 
inasion has been made into the gland and the calculus removed Mffien 
this has to be done drainage by tube should be provided In most 
cases there is associated disease of the biliary tract m tlie form of 
calculi either with or vMthout infection For this reason a careful 
examination of the gall bladder and ducts must always be made and 
any pathological condition appropnately dealt with 

There is often associated fibrosis of the gland, which may make it 
difficult to palpate the stones In such cases drainage of the biliary 
system is indicated 

The Pancreas and Gastrectomv 

The pancreas may form the base of an eroding gastric ulcer, and a 
crater ma^ be left exposed when the stomach is separated from 
the gland in the course of gastrectomy' It is not neccssaty to evci&e 
29 
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such craters but they should be hghtl> seared over with the cautery 
or swabbed with pure carbohc ^ 

Excision of a superficial portion of the gland may be necessary in 
the operation of gastrectomy for cancer The wound so made should 
be drawn together by catgut sutures or should be covered by adjomuig 
tissue or omentum and a track to the surface provided by a rubber 
dram Gauze must not be left in contact with the gland unless 
for the purpose of staunching otherwise uncontrollable oozmg for when 
remo\ ed it is apt to tear the surface and to encourage the escape of 
pancreatic secretion 

Pancreatic Fistula 

This condition may result from direct laceration whether from 
injuries like gunshot wounds or such trauma as is necessarily inflicted 
dunng the course of the operative removal of tumours It may also 
follow the drainage of cysts or inRammator} collections al?out the 
gland Since the escaping juice is not activated by enterokmase it 
does not digest the tissues though it usually produces very trouble- 
some imtation of the surrounding skin \Mien uifected with pyogenic 
oi^anisms it may cause severe general symptoms After trauma the 
discharge may be expected to cease in three or four weeks as the 
healing process proceeds but in pathological states it may persist for 
months or years Generally speaking little can be done to deal directly 
wth the cause except m those cases which follow pancreatitis when 
the remo%al of a slough may do mudi to brmg the trouble to an end 
The best line of treatment is continuous suction which may be earned 
out by a water pump of the Sprengel vanety or ftn electrically dn\en 
pump The orifice of the fistula may be covered by a special cap or 
a catheter may be mtroduced to which the suction apparatus is 
attached In either case it is essential that the suction should not 
be too pow erful or pain or tuemorrhage may result ^^^len the di'scharge 
appreciably diminishes the suction may be interrupted for some hours 
at a time or for a day or two when healmg may follow 

In intractable cases radium introduced into the track may set up a 
healthy reaction and bring about cure 

Should the fistula become chronic m spite of treatment its manage- 
ment will depend upon the underlymg condition If the operation 
has been for a cystic condition (true <^st) it probably means that this 
has not contracted and remams as a cavity of considerable size In 
these circumstances the remains of the cyst may be anastomo'ied to 
the stomach or the upper intestine whi^e\er is more con\enienHy 
situated for the purpose If on the other hand there is no ca^^ty but 
merely a track this may be dissected out from the panetes and 
implanted mto the stomach or intestine in much the same way as is 
sometimes employed for chrome biliarv fistula (see p 843) 



CHAPTER XVIII 

OPERATIONS ON THE SPLEEN 

By G. GREV TURNER 

Anatomical and physiological observations. — This organ lies on 
the left side, hidden by the 9th 10th and Ilth ribs and \Mth its long 
a\is m the line of the tenth It must be remembered that the lower 
part of the pleural cavity, and to a varying extent the lung are inter- 
posed between the spleen and the surface of the body Its protected 
situation means that if palpable below the costal margin it is probably 
pathologically enlarged It is important to remember how closely the 
cardiac end of the stomach nestles into the hollow m front of the 
hflum of tfie spleen and the way in which the tail of the pancreas 
abuts on the inner surface of its lower pole Both these organs have 
been injured during the operation of splenectomy, and they must be 
identifi^ m order to be avoided The close relationship of the outer 
surface of the spleen to tlie under aspect of the diaphragm makes it 
apt to adhere to that structure Relative to the size of the organ, the 
splenic vessels are \ery large, and in pathological states they may 
become enormous The veins always appear to be unusually friable 
The principal vessels he in the Iieno renal ligament which connects the 
organ to the anterior surface of the left kidney, while the gastrosplemc 
omentum carries smaller branches of the splenic vessels— the vasa 
brevia— which pass to the cardiac end of the stomach (Fig 448, p 870) 

Accessory spleens are quite common and may be multiple They 
are seldom larger than hazel nuts and usually he between the lajers 
of the neighbouring mesenteries On very rare occasions accessory 
spleens have attained such a size as to produce symptoms and justify 
removal 

The size of the spleen its sheltered position, its special structure and 
vascular arrangements and the vanations in size which occur during 
normal health all suggest that the organ subserves some important 
function Nevertheless, the continued observation of those m whom 
the normal spleen has been removed for injury go to show that at least 
the organ is not indispensable m the economy’ of the body 

In adult life it has to do with the destruction of red blood cells, 
probably those that arc worn out, with the disposal of particulate 
matter and with the metabolism of iron It seems also to be a con- 
tainer for a reserve of blood, and in some obscure way apjiears con- 
nected with the blood platelets It probably plays the part of a link 
m a ph) siological chain but it is not an indispensable one Slany 
spleenless people are perfectly well, and appear to be admirably 
adapted to their everyday environment, even vshen disturbed by 
intercurrent disease 
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OPERATIONS ON THE SPLEEN 

Splenectomj for injurj — Operati\e interference for injuries and 
diseases of the spleen is almost bimted to ^erao^al The spleen ma\ 
be injured by stab ^\ounds and crushes In civil practice crushes such 
as are likelv in motor car acadents are the commonest cause Sub 
capsular tears raa> give nse to late hiemorrhage some few dajs after 
the injurj In all forms of mjuiy hjEmorrhage ij, the mam cause of 
death and as the structure of the spleen makes suture almost im 
possible splenectomj is the operation of choice (except m some stab- 
v\ ounds in w hich it may be justifiable to attempt conserv ativ e smgerj ) 
Even m civil life and in the very best circumstances of earlj and 
efficient siu^cal treatment the mortalitj is high In warfare com 
plications are often present especiallv wounds of the stomach or 
mtestmes and these matenallj mcrease the death rate (p 670 ) 

Splenectomj for disease — \Ialana — ^The enlarged spleen has been 
removed on manj occasions for thLt was one of the earliest diseases 
for which splenectomj was performed WTien the bulk of a chronic 
malarial spleen renders it an inconvenience and a danger splenectomj 
maj be considered In the absence of adhesions the operation is 
reasonablj safe othenvnse the inevitable h-emorrhage makes it 
exceedmgly dangerous 

SpUmc anatma — In this disease characterized bv an enlarged 
spleen leucopeiuc ansmia and spontaneous h'emorrbages cspeaallj 
h'ematemesis splenectomj has proved of definite value It is 
generally held that there is some relation between the platelet count 
and the prognosis m splenectomj for this disease When the count is 
high (2o0 000 to 400 000 per c mm is normal range) there is more nsk 
of post-operativ e thromtesis m the splenic and portal veins 

Banli sdiseasc — ^This is probablj onlj ahterstageofsplemcamemia 
The results of splenectomj have been veij encouragmg In the later 
stages when ascites has supervened the operation has been less 
successful but if combmed with omentopexy it may confer great 
benefit 

ichoUinc or hamol^Uc jaundice — Considering what is known of the 
functions of the spleen splenectomj should have great value m 
diseases characterized by mcreai.ed blood destruction , and m hxmo- 
Iv tic jaundice both congemtal and acquired many successful splenec 
tomies have been recorded The operation Aas a comparaCrvefy Aj« 
mortahtv and is followed bv rapid disappearance of jaundice with 
decrease of the anemia and blood fragflitj It is most important not 
to operate durmg the crises which are characteristic of this disease 
Pigmented gall stones are often present and should be remov ed at the 
time of the splenectomj or subsequently It is also essential that 
splenicuh should be sought for and removed as their subsequent 
hypertrophy may account for ««me recurrences 

Purpura heemorrhapea —The thrombocjdopemc type of purpura is 
now recognized as one of the mdications for splenectomj in which 
the results hav e been v ery satisfactory It li essential that the opera 
tion should not be earned out during an acute phase Blood trans 
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fusion should aluijs be done once or t\Mce before the operation and 
the platelet count ':houId be ^^atched 
Egyptian Splenomegaly — The aetiology of this condition is very 
doubtful but many cases are treated by splenectomy with remarkable 
immediate success and sometimes lastmg benefit 
Abscess and cyst may sometimes require splenectomy rather than 
drainage or local incision On rare occasions new growths like car 
cinoma or sarcoma of the organ may be found sufficiently localized for 
removal by splenectomy 

ll andenng spleen cannot be cured by splenopexy with any certainty 
and removal is necessary \Vhen corapheated by torsion of the 
pedicle the operation becomes an emergency Whenever possible a 
careful blood exammation should precede splenectomy tragedies 
have followed neglect of this precaution for the leukiemic spleen 
removal of which is contra indicated may wander 

Splenectomy may also be the only possible method of dealing with 
aneurysm of the splenic artery or thrombosis of the vein 

Whenever surgical intervention is contemplated in pathological 
states of the spleen it is essential that physician and surgeon should 
CO operate m determining not only the indications but the correct 
stage of the disease at which intervention should take place 
Quite apart from conditions m which splenectomy may be definitely 
indicated there are circumstances m which removal facilitates other 
surgical procedures For instance I have often removed the spleen 
with the stomach in difficult gastrectomy for extensive carcinoma 
Similarly its ablation may facilitate or even render possible the 
removal of retro pentoneal tumours or cysts originating about the 
tail of the pancreas 

Preparation — This largely concerns the degree of anaemia present 
In bad cases blood transfusion may be essential before during and 
after the operation Even m the most favourable cases the surgeon 
should be prepared to transfuse should some unexpected necessity 
arise It is essential that the intestine should not be distended and 
the patient should be accustomed to the passage of the stomach tube 
Radiotherapy is sometimes employed as a means of reducing the size 
of the organ but should be discontinued at least a fortnight before 
operation 

Technique — The operation of splenectomy may be v ery simple or 
may present many difficulties The latter almost entirely concern the 
management of adhesions and the real danger is hxmorrhage Both 
the spleen and its pedicle as well as the surrounding adhesions arc 
easily tom and the surgeon must be prepared to exercise great care 
and gentleness Alost operators gam increasing respect for splen 
ectomy the oftener they are called upon to perform it Wien the 
organ can be lifted out of the abdominal incision the operation may 
be one of the easiest and safest m suigery But w hen there are diffuse 
firm adhesions the bleeding is often temfic and the operation most 
dangerous In fact m manv of the latter cases it *'* 
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uiser to abandon the attempt to remo\e the spleen and to be content 
to dimmish Its activity by ligaturing as ranch of the pedicle as can be 
sately reached The operation of splenectomy consists of fii e steps- 
( 1 ) incision (2) mobilization and delivery which may involve freeing 
many adhesions (3) securing the pedicle (4) htmostasis of the splenic 
bed (5) closure of the vv ound 

The incision —The pnnciples guiding the surgeon m the choice of 



Fig 444 — Splenectonj incision and exposure 


the incision are to make one free enough to giv e adequate exposure 
so that the separation of adhesions the deliv ery of the organ and the 
securing of the pedicle can be done without embarrassment It must 
also be large enough to permit thorough evamination of other organs 
especially the bver gall bladder and stomach It is a great advant 
age to be able to separate the adhesions under du-ect observation 
The incision giving the best access is a vertical one through the outer 
third of the left rectus and extending from the left costal margin to or 
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below the level of the umbilicus This incision must go nght up to 
the costal margin and must e\tend to three fingers breadth below the 
caudal end of the spleen quite irrespectue of its total length The 
rectus muscle is separated in the direction of its fibres and the abdomen 
opened through the posterior sheath just as in the right sided vertical 
incision for exposure of the gall bladder If more room is required 
the skin and antenor rectus sheath can be further divided by an 
oblique extension passing upwards and inwards from the upper end 



Fig 445 — Splenectomr ueemg th« spleen on its outer surface 

of the vertical incision just below and parallel to the costal margin 
(Tig 444 ) It is rarely necessary to cut across the fibres of the rectus 
which can be furtlicr retracted after this oblique incision has been 
made The incision is held open by a self retaining retractor and a 
general examination of the abdominal organs made The removal 
of the spleen is then metliodicallj earned out 

WTien the spleen is free from adliesions the organ is deh\ ered from 
the abdomen before the pedicle is dealt with WTicn there is onl> 
moderate enlargement and no adhesions it is only necessary to slip the 
hand o\er tlie outer surface and to lift it forward (Tig 445 ) The 
region of the lulum must always be aery gently handled as the aesseK 
ire exceptionally delicate and maa readily be tom Him arc some 
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few vessels— the vasa brevia— passing directly from the stomach to 
the spleen m the gastro splenic omentum and this must be first dealt 
vith It IS picked up in sections wth its vessels and either divided 
between ligatures or artery forceps are left on the splemc side This 
structure having been divided the pedicle proper— the heno-renal 
ligament containing the splemc artery— comes into view and 
should be thoroughly exposed and ligatured in sections commencing 
from below and working towards the upper pole Before appljing 



Fie 446 — Exposure of splen c pedicle from behind 
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forceps or ligatures the position of the tail of the pancreas must be 
ascertained for when the heno renal ligament is short it may be close 
to the spleen In these circumstances it is better to approach the 
vessels from behind by turning the spleen over to the nght and 
incising the posterior layer of the ligament (Fig 446) If the 
pancreas is then seen it can be gently thrust aside by gauze stripping 
In very exceptional cases or when there is great urgency the pedicle 
may be dealt wuth by a single enarchng ligature but the best plan is 
to clamp it in sections and to divide it between the clamps If the 
pedicle IS not caught on the spleen side there is great hsmorrhage 
Another plan is to clamp a section of the pedicle on the spleen side 
and to surround the proximal partAvith a ligature which is securelj tied 
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before the intervening portion is divided Thit, process is earned on 
until the whole of the pedicle is secured Great care must be taken 
not to puncture any of the vessels in passing the ligatures Inter- 
locking ligatures are not necessary and had better be avoided 

After the spleen is cut away, the pedicle should be carefully inspected 
Vessels in any part which are very prominent, or in which there may be 
any nsk of retraction, must be separately caught on the cut surface 
and surrounded by independent hgatures The best material is 
chromicized catgut, size No 1 When the pedicle is absolutely dry it 
may be allow ed to drop back into the abdomen In cases freo from 
adhesions, no hieraorrhage is likely from the spleen bed, and the 
abdominal w all may be completely closed But if any adhesions have 
been separated it is wiser to bnng a softened rubber tube or rubber 
strand from the spleen bed, simply to provide a track so that the 
surgeon may be made aw are of any unexpected hemorrhage 
When there are adhesions, the surgeon may endeavour to insinuate 
the hand gently between the outer surface of the spleen and the 
parietes When the adhesions are very soft, it may be possible to lift 
the spleen fonvard and to turn it over inwards without undue nsk 
Such adhesions w ill, of course, tear and retract without much bleeding, 
but on the other hand verj' considerable oozing may result After 
delivering the organ a very large hot moist gauze pack should follow 
the hand and be thrust into the bed from which the spleen has been 
lifted The process of separating these soft adhesions and dehvenng 
the spleen should not be too deliberate, as severe bleeding may occur 
in a very short time and occupy the space m which the spleen lay 
The pedicle is then treated as desenbed After the spleen has been 
cut away, the gauze pack is gently withdrawn During this stage 
of the operation, the incision is held well ojicn while the stomadi 
and colon are drawn gently to the right and downwards As the pack is 
withdrawn, the splenic bed must be carefully inspected for blceding- 
pomts For this purpose the reverse Trendelenberg position and 
a headlight arc both very useful Any bleedmg-pomts may be 
caught in long clips and independently tied, or they may be occluded 
by suture, which may pass from one to another if not too far apart, 
or sili'cr cJfps ntsy be demped oa each pe/nt « itk a specis! iftsimment 
Should it be impossible to stay all bleeding in this way, then it is 
necessary to pack a gauze strand of moderate size into the splecn-bed 
against any oozing areas The gauze leaves by the low er angle of the 
wound and is protected from contact with the viscera by strands of 
rubber tissue , it should not be removed sooner than four days and 
e%en then it may have to be taken out by degrees to avoid the nsk of 
restarting the bleeding When there is no cjuestion of haimorrhage 
the incision is usually completely closed, but should there be any doubt 
on this point it is much better to bnng a rubber tube or strand from 
the .splenic bed out through the incision Should reactionarj’ 
hiemorrhage occur, the blood will then readily find its way into the 
dressings, thus establishing the diagnosis at once 
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The closure of the incision must be careful! j carried out m Ia\ers 
with the addition of through and through sutures of silkworm gut 
every one or two inches Disruption of the inci=ion has not been 
uncommon after splenectomy 

In cases of splenic anamia of long standing the adhesions are often 
so numerous and so strong that it is impossible to separate them m 
the way mentioned If there is difficulty m delnenng the spleen m 
consequence an extension should be made from the middle of the 
\ertical incision trans\ersel\ through the outer half of the rectus 
muscle and back into the left loin which it should reach just below the 
costal margm (Tig 447 ) The 
T shaped mcision thus made gives 
an exposure which is sufficient to 
deal with any combination of 
circumstances ever likely to be 
met with and it is never neces- 
sary to dmde the nbs or to turn 
up a flap from the costal margm 
With this additional exposure 
strong adhesions may be-clamped 
and divided under the guidance 
of the eye or they may be divided 
w hile at the same time the haimor 
rhage is arrested by the dia 
thermy knife Sometimes the 
organ is felted to its bed and has 
to be literally dug out In 
cases of this kind if it la im 
possible to control the bleeding 
efficiently the surgeon must not 
persevere m a foolish attempt to 
remove the spleen at all costs 
It may be feasible to expose and 
Lgature some part of the pedicle 
in the hope of thus putting as 
large an area of the spleen as possible out of action and this plan 
has been proposed as an alternative to splenectomy in difficult cases 

Bloodless splenectomy — It has been suggested that ligature of 
the splemc artery as a first step may render this operation practically 
bloodless Only when the spleen is free from adhesions and can be 
lifted out of the incision can the pedicle be exposed at an early stage 
and m such cases the operation presents so httle difficulty that with 
ordmary care it can always be practically blooJIeSs In the verv 
adherent cases in which preliminary ligature of the artery might be 
most helpful the «enous hjemorrhage occurs while the surgeon is 
carrynng out those steps w hich must precede the exposure of the p^icle 
For these reasons this method is not likely to be so successful as it 
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sounds It may be \\ell to mention here that pictures m worhs of 
surgery showing this operation are often extremely misleading 

Splenectomy combined with omentopexy.— Where there is ascites 
with marked cirrhosis of the li\er (advanced Banti's disease) it is 
alw a} s worth while, and in fact essential to attach the omentum to 
the posterior surface of the abdominal wall over as wide an area as 
possible If the condition of the patient permits the complete tech- 
nique for omentopexy should be earned out {s(e p 778) 

Splenectomy combined with the removal of other v iscera.— WTien 
splenectomy is required as part of the operation of gastrectomy or 
removal of the splenic flexure of the colon or nephrectomy it is much 
simpler to remove the whole organ than to attempt merely to take 
away the involved part If partial removal is adopted there is great 
difficulty in controlling the hnemorrhage without any compensating 
advantage In performing total gastrectomy it often facilitates the 
operation to remove the spleen with the stomach even if it is not 
involved There is less trouble with hcemorrhage than if the \asa 
brevia are separately dealt with Dislocation of the spleen from its 
bed very much facilitates the mobilization of the fundus and cardiac 
end of the stomach 

Comments.— In some cases of long standing splenic ansmia the 
abdominal w all is very vascular and tliere may be quite serious htcnlo 
rrhage when the rectus muscle is incised In these circumstances 
the diathermy knife may be used but it may not suffice to stay the 
bleeding In this eventuality, a continuous catgut suture, including 
all the structures but the skin ma> be run along either side of the 
incision and when drawn tight will usually arrest the hsmoiThage 
So much blood may be lost in opening the abdomen that blood trans 
fusion at this stage may be necessary For the removal of the ruptured 
spleen an oblique incision a finger s breadth below the left costal 
margin and exteriding from the xiphisternum back into the flank 
gives an excellent exposure It is m long standing cases of splenic 
anicmia that most difficulty from adhesions is to be anticipated The 
Surgeon must be provided with adequate assistance, and his armament- 
arium must be equal to any call, which will perforce be sudden 
Patients of this type should be blood grouped before the operation 
and a suitable donor or a store of blood should be in readiness In 
some cases the adhesions contain vessels of considerable size, mostly 
veins, but occasionally artenes Tlie vessels of the pedicle ma> be 
atheromatous or unusually fnable, and it may be difficult to get a 
good hold for the ligatures 

In a valuable and most useful paper on the Removal of Large 
Spleens * A K Henry points out that to deliver the spleen from its 
bed it IS necessary to bring the head out first, b> inserting the liand 
between the viscus and the diaphragm (Tig 145) The novice must 
resist the temptation of trjing to withdraw the spleen by pulling on 
Its tail ' 

* Unt Jtyrn Smf IMO xxvU Ko ID* p <61 
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The greatest care must be taken in delivering the spleen through the 
mcision for the purpose of e^po^ng the postenor surface of the pedicle 
If the organ is large and heavj or the pedicle short gentle handling 
IS necessary to prevent any sudden pull ruptunng the pedicle * 
The pedicle can onlj beproperlj andsafel> exposed bv sy^tematicallv 
dividmg the structures which obscure it ^ er> often the left edge of 
the great omentum is adherent to the tail of the spleen There maj 
also be a fat laden fold of pentoneum m front of the gastro-cplenic 
omentum or lesser pedicle (Fig 443 ) These structures all contain 
vessels vfhich litom bleed intiotLjIj andtbeonlv safe rule is to catdi 
them m artery forceps or to ligature than before divasion The late 
Sir Davnd iliie was accustomed to sa> that all \ essels near the spleen 
should be ligatured at sight and with vessels that are so large and <o 



fnable this is a good rule If the parts to be hgatured are caught in 
arterj forceps thej ought to be tied at once as the drag of the forceps 
or any acadental puU xnav tear awav the vessels m their grasp with 
great detriment and annovance tessels that are clearl) seen maj 
be surrounded b^ ligatures passed on an aneurj-sm needle or a trans 
fbaoD needle but no instrument should be blindly thrust through these 
V ascular tissues as a punctured v essel inaj be a *50urce of great trouble 
The close relation of the spleen to the diaphragm has important 
practical implications Adhesions fixing the spleen are for the most 
part attached to the cupola and bleeding areas are usual on its xmder 
surface In efforts to catch and to tie such areas the diaphragm t, 
easily tom or otherwise damaged for it is onlj a thin structure 
^ esseh. that cannot be easilv caught m artery forceps should be under 
run and hgatured but the needle must not penetrate deeply or the 
pleura nia> be punctured Large spleen:* probabl> support that hall of 
the diaphragm to which the> are m relation and the loss of this support 
after splenectomj maj interfere with the movement and the po«iuon 
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of the diaphragm and predispose to chest complications To mitigate 
these troubles A K Henry tned introducing an inflated rubber balloon 
into the space previously occupied by the spleen A limited trial 
convinced him of the value of this plan for the convalescence of the 
patients in which it was used was smoother than others 

It IS well to remember that many cases of hemolytic jaundice 
harbour gall stones which may be removed at the same tune if the 
splenectomy has been easy When as often happens the stones are 
soft and small it is only necessary to carry out cholecystendysis As a 
rule it is much better to deal with them at a subsequent operation 

Complications and after-treatment — The immediate complications 
of the operation are shock and hjemorrhage It must be remembered 
that in many cases these patients are very poor operative risks and 
they may be expected to suffer more from these complications than in 
many other abdominal diseases When the condition demanding the 
operation is not associated with any special tendency to hiemorrhage 
severe bleeding is a reproach on the conduct of the operation but the 
fact that It has occurred in careful hands emphasizes the extreme need 
for care in splenectomy 

In the few hours immediately succeeding the operation there is often 
a considerable amount of haemorrhagic oozmg indicated by the seepage 
of blood into the dressings or by a steadily rising pulse rate with pallor 
and restlessness It ought not to be serious and is probably best 
treated by blood transfusion and a small dose of morphia with the 
idea of keeping the patient and the circulation as quiet as possible 
Really alarming haimorrhage probably means that a vessel has not 
been properlj secured or that considerable bleeding is going on from 
a multitude of small points In either case the only course is to re-open 
the wound and to endeav our to secure the bleeding points under the 
guidance of the eye or to pack the cavity from which the spleen has 
been removed with gauze either plain or soaked in one of the hfemo 
static sera Again blood transfusion will be essential and may have 
to be repeated In these circumstances it may not be wise to spend 
time m accurate re-suture of the wound which should simply be drawn 
together with a few through and through sutures careful secondary 
closure can then be earned out when the gauze is removed If the 
pancreas has been injured dunng the operation local inflammatory 
mischief with fat necrosis may follow and may either spread causing 
pentonitis or produce a pancreatic fistula Because of these sequel's 
it IS essential to provide drainage to the surface whenever there is an> 
question of damage to the tail of the pancreas When the usual 
anterior approach has been employed the dram should be brought to 
the surface by the shortest possible route through an independent 
incision in the flank 

There is a tendenej to left sided pulmonaiy complications in the 
first fort> eight hours A slight basal pleuns> has often been noted 
about the fourth da} and may be followed b} effusion but there may 
be pulmonarj collapse or pneumonia As a rule these conditions clear 
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up without trouble, but occasionallj a septic element has evidently 
been introduced and empyema ba^ resulted 

Hiematemesis may take place withm a few hours of the operation 
or in the course of the first day or two or even after some weeks In 
these circumstances the ble^ing is often profuse and alarming, 
and has been the cause of fatalities In this emergency treatment is 
almost limited to blood transfusion To guard against recurrence, 
injection of the oesophageal vances earned out through the cesophago 
scope, or ligature of the coronary veins are both methods that are on 
their trial (seeVol II, CCsophagus) Thrombosis of the splenic vein 
may follow the operation and it may spread to the superior mesentenc 
vessels, causing the classical symptoms of mesenteric thrombosis 

Results. — The removal of the spleen for injury may be a very senous 
matter because of severe h'emorrhage or the seventy of associated 
mjunes The mortahtj is about 20 per cent The after history of 
survivors shows that for the most part they enjoy good health and 
are able to withstand the onslaught of the ordinary diseases hke 
influenza, pneumonia and appendicitis But a careful study of 100 
cases by Ask*Upmark * led him to the conclusion that there was an 
increased tendency to digestive disturbances, blood changes and 
unexplained exhaustion But at the present tune most removals of the 
spleen are undertaken for some tjpe of disease, and the prognosis, both 
immediate and remote, largely depends on the stage of the malady at 
which the operation is earned out When splenectomy is recognized to 
be the best or perhaps the only method of treatment it should be 
performed as early as possible Immediate mortality is still much too 
high, due probably to the fact that it is not yet possible to make an 
exact choice of the most favourable cases Recent figures from the 
Mayo Clmic (to end of 1980) show 211 cases of splenectomy for all 
conditions with onlv 15 deaths a mortality of 7 11 per cent At the 
present time excellent results are being obtained in heamolytic jaundice 
and early splenic antemia 

In hiemolytic jaundice tKe results, immediate (4 per cent mortality) 
and remote, seem to be the best, and m the majority of cases the 
operation leads to a cure, although the blood fragility persists In 
spleiuc anremia operation undertaken before liver involvement has a 
mortality of about 10 per cent , and recovered cases enjoy much 
improved health for a number of years 

• S«n>j SnppI 19*1. txx\-ui S"l>. 



CHAPTER XIX 


OPERATIONS FOR INTESTINAL 
OBSTRUCTION 

By G. GREY TURNER 

Intestinal obstruction may be sudden or gradual in onset, or it may 
present itself as an acute exacerbation of a longer standing partial 
obstruction In the sudden acute obstructions it is the small intestine 
that IS generally affected Though acute obstruction of the large 
intestine does occur, as in volvulus, in most cases malignant stricture 
IS the commonest cause and a history of gradually mcreasmg obstruction 
can usually be obtained The commonest cause of acute intestinal 
obstruction is strangulated external hernia, which is considered in 
Vol II In this article only conditions arising from mtra-abdominal 
obstructions wU be discussed Putting aside congenital abnormalities, 
such as intestinal atresia and imperforate anus many conditions may 
give rise to intestinal obstruction, but they may be roughly classified 
as (1) abnormalities within the intestinal lumen, (2) abnormalities of the 
intestine itself, and (8) abnormabties obstructing the intestine from 
without 

In the first type the characteristic condition is a gall-stone or much 
more rarely an enterolith or a mass of undigested food, giving rise to 
partial or complete obstruction low down m the ileum 

In the second type obstruction is not uncommonly caused by tuber- 
'culous ulceration, by polypi either directly obstructing or giving nse 
to intussusception, by intussusception, by mesenteric thrombosis, or 
by volvulus and m the lai^e intestine, by malignant growths and 
volvulus 

In the third type the intestine may become attached to or obstructed 
by tumours, etc , e g , the duodenum by cancer of the pancreas, the 
small intestine by tuberculous mesenteric glands, the transverse colon 
!!} g3stnc conesr. Mc>rc comjjjco}}y. the mtestine js stTSDguhxted hy 
bands or adhesions resulting from local pentonitis These conditions 
may follow a previous operation, as for appendicitis, hysterectomy, 
ovanotomy, or strangulated umbilical epiplocclc Bands also form 
between neighbouring coils, giving nse to a '* double barrelled gun ” 
or “ concertina type of deformation Fortunately it by no means 
follows that adherent coils are nccessanly obstructed In other cases 
long bands form, from mesentery to mesentery, from mesentery to 
gut, from gut to gut, and so on, and these may strangle the coil to 
which they are attached or a neighbounng coil In this category' 
comes the appendix, the tip of which may become adherent, so that 
It forms a band attached at each end, and Meckel s diurticuliwi. which 
may not only form a band but may cause axial rotation of its attached 
879 
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portion of intestine or become inserted into the lumen of the bouel 
givmg nse to intussusception Rare instances are reported of a coil 
of gut being impnsoned m a hole m the omentum or mesentery and 
there are many retroperitoneal fossze into ^^hlch internal hernia may 
occur e g the foramen of ‘Winslow the duodenal retrocecal and 
sigmoid fossa The obstruction may be entirely mechamcal or it 
maj be combmed with strangulation m which case the blood supplj 
IS suddenly arrested But the distinction is of more academic interest 
than practical importance for both groups require the earliest possible 
operative mtervention 

Indicahons for operation — There is no doubt that the high 
mortahty attending acute intestinal obstruction (2a to 80 per cent ) is 
due in great measure to delay m institutmg active treatment It 
cannot be too strongly emphasized that it is much more important to 
make a diagnosis and ad upon tl than to spend valuable tune in efforts 
to make a differential diagnosis of the cause vrhich may have no 
bearing on the problems of treatment The matter can be summed up 
in a few w ords laparotomy is the only treatment for acute intestinal 
obstruction and it should be undertaken at the earliest possible 
moment The cardinal symptoms are pain vomitmg and cessation of 
the passage of fiatus and fxces Distension is a comparatively late 
sign except m low-dow n obstructions and feculent v omiting is a later 
sign stiff It should be possible to make a diagnosis before either of 
th«e signs supervenes and their presence add* enormously to the 
difBculties and dangers of the operation As Sampson Handley saj's 

fxcal vomiting is not so much a sign of intestinal obstruction as a 
herald of approachmg death 

But there are many difficulties m diagnosis which have a beanng on 
treatment especially (a) where the obstruction i* due to inflammatory 
disturbances which may subside with time and suitable treatment 
(i) where the obstruction is adymamic or paralytic the result of toxins 
and profound neuro-muscular exhaustion 

The mflammatory type is usually a sequel to pentunitis and is 
therefore not an infrequent complication of appendicitis It often 
accompames the attempt at localization of an intrapentoneal absces* 
and frequently disappears V' hen such an abscess suddenly discharges 
through the wound or is opened per rectum These patients often 
lack the characteristic symptoms of mechanical obstruction for pain 
IS more continuous than cobcky there diffuse tenderness the vomit 
IS not charactenstically intestinal and they often void some flatus 
The surgeon must be on the look out for some loc a lized abscess winch 
might be opened During the period of uncertainty it is w ise to appK 
heat effectively to the whole abdomen and to administer an enema 
once or twice The stomach should be kept empty bj a Wangenstwn 
or Ryle s tube or the coils of small intestine by the ililJer Abbot tube 
while at the same time the water balance and chlonde level is being 
maintained by intravenous injection But it is necessary to ^idd a 
caution for even the worst cases of mechamcal obstruction will oe 
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temporanlv relieved by these methods, so that unless there is coincident 
evidence of a return to normal int^tinal function it is illusory to 
persevere m their use for more than a few hours 

The adjnamic or paralytic ileus type may have an underlying 
inflammatory cause but it may also be the result of exposure or hand- 
ling of the intestines or absorption of toxins from the bowel itself, or of 
pure nervous exhaustion It is best treated by rest by making up for 
fluid loss and bv providing nounshment m the form of glucose adminis 
tered intravenously Such forms of stimulation as will improve the 
neuro muscular mechanism of the intestines are valuable drugs like 
strychnine and esenne in small doses repeated at regular intervals 
Diffusible stimulants are also useful Inhalation of pure oxygen by 
means of the B L B mask, used continuously for six hours is one 
of the latest methods of combating this condition and appears to be 
helpful Very often sleep is lacking and if it can be induced by 
sedative drugs or mdeed by whatever means improvements often 
result 

When the fact of mechanical obstruction is established it is of great 
practical importance to decide whether the causative factor is in the 
small or the large bow el In the former case an exploratorj' laparotomy 
15 the proper proceeding whereas in the latter some form 0 / colostomy 
will probably be indicated 

Preparation — In nearly every case, two or three hours may advan 
tageously be devoted to preparation This especially applies to patients 
who have ]ust been brought into hospital often after an exhausting 
journey One of the first indications is to see that the patient is made 
generally comfortable, and well warmed Blankets with hot bottles or 
electnc pads are essential Once an operation has been decided upon, 
there is no objection to the use of a small dose of morphia (gr J to J) if 
there is much pain , otherwise sedatives should not be employed In 
addition to these general measures the indications are (I) to make 
up for fluid loss (2) to restore the depleted chlondes, (3) to counteract 
alkalosis (4) to decompress the stomach and upper intestine, and (5) 
if It has not already been done, to empty the rectum and lower bowel 
The first three objects may be attaint by the administration of 5 
per cent glucose in normal sahne, either by the rectum, by surface 
injection, or intravenously , 3 or 4 pints (approx 2 to litres) may 
be administered in an average case To empty the stomach and 
decompress the upper intestine, a Wangensteen or Ryle s tube is used 
either as a syphon or to withdraw the contents by means of a synnge 
It IS important to start with the rectum empty, and this can best be 
attained by a glycenne or simple soap and water enema Patients 
often improve m a wonderful waj as the result of these measures, but 
if the surgeon has previously been satisfied of the necessity for operation 
he must not be misled b> what will certamlj prove to be only tern 
porary benefit 

Anesthesia. — This question is most important If regurgitant 
vomiting IS a feature, general anaesthesia should be avoided whenever 
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possible Local anssthesta is sufficient for ca.costomy or colostonn or 
enterostomy which can be cimed out very satisfactorily and vvith 
scarcely any pain after thorough inhltration of the parietes The 
abdomen can also be opened and the easily accessible coils of small 
intestine examined and m this way most cases of obstruction due to 
easily accessible bands of adhesions or impaction of gall stones can 
be dealt with Should it be necessary to explore the abdomen 
thoroughly or to reach inaccessible parts ordmary local anesthesia is 
insufficient but it can alwajs be supplemented by giving gas and 
oxygen alone or with ether Generally speaking patients who are 
not m a condition for general anaesthesia have too low a blood pressure 
for the safe use of spinal anaesthesia but should it be otherwise then 
this method provides the most wonderful relaxation and greatly 
facilitates operations which necessitate a complete exploration 


OBSTRUCTION IN THE SMALL INTESTINE 


These cases are of greater urgency than those of large intestine 
obstructions and after suitable preparation exploratory laparotomj 
is the correct procedure 

Technique — The placing of the incision is a matter of considerable 
importance If there has been a previous operation likely to bear an 
ancestral relationship to the obstruction the abdomen may con 
V eniently be re opened just by the side of the old scar It is necessary 
to bear in mind that distended coils of intestine ma> be adherent to 
the peritoneal aspect of the scar and must not be inadv ertently opened 
or othenvise damaged WTien there has been no previous operation a 
median sub-umbiUcal incision generally gives the best access An 
incision of about 4 ins long may suffice but in case of difficulty the 
surgeon must never hesitate to enlarge the wound Care must be 
taken to prevent the intestine from prolapsing through the tnci 
Sion and this is best attained by covering the area with laige 
moist swabs It is often impossible to prevent a certam amount of 
evisceintion and m that case great care must be taken to cover the 


exposed bowel and to keep the swabs moist by trickling warm saline 
over them from time to time As soon as the pentoneal cavity is 
opened some fluid w ill be found and il it is blood stained strangulation 
is probably present Not infrequently the site of the obstruction will 
at once be disclosed but usually some further search is necessary Two 
fingers inserted into the abdominal cavity may quicklj discover a 
mass of adhesions a cod of tense distended bow el obstructed b> a band 
a loop passing into a hernial orifice or a foreign body impacted m the 
intestinal lumen Sometimes the source is not so easily found m 
which case the bow el must be searched up or dow n until the obstructed 
area is located Collapsed gut takes less harm from handling than 
distended gut and uheneter possible it should be traced 11 
collapsed gut is not found there is nothing for it but to trace the dis 
ten-led bon el but m that case the gut is not so easy to handle readil> 
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bruises and is likely to be tom If it is?o much distended that the 
peritoneum begins to tear, it should be opened for temporary drainage 
For this purpose a distended coil is gently withdraw n from the abdomen 
and a small incision made on the antimesenteric border ]ust large 
enough to accommodate a 10 or 12 rubber catheter, which is loosely 
anchored m position bj a purse-stnng suture If the bowel is not 
paretic it may be expected to empty fairly well, but if it does not do 
so the catheter may be advanced further and the bow el may also be 
milked down towards the catheter, when a good deal of the contents 
will escape Tlie process may be further assisted by giving a dose of 
pituitary extract The coil, with the catheter tn stlu is allowed to 
hang over the side of the incision At a later stage the catheter is 
removed and the incision closed with the purse-stnng and if necessary, 
one or two Lembert sutures ‘ Moynihan’s tube has been recommended 
for the same purpose but it inflicts too much trauma on the intestine 
The tension having been relieved in this way, the search may be con 
tinued with less nsk to the intestine When the site of obstruction 
has been located the cause must next be ascertained 

Obstruction by adhesions, — These cases vary from the simplest 
V-shaped angulation at a single point to the most complicated mass 
obstructions When the seat 
of the obstruction is found a 
decision has to be arrived at 
on the following points 

(1) Is it a case of angulation, 
or of strangulation, where gan- 
grene threatens > 

(2) Can It be dealt with by 
simple separation of adhesions 
or dn ision of a band ? 

(8) If more extensive 
methods are necessary, must 
the affected loop be short 
circuited or resected ^ 

(4) Should drainage of the 
intestine, whether temporary 
or protracted, be instituted ^ 

Strangulations are usually obvious because of the deep blue or some- 
times almost jet-black colour of the intestine This is nearly alw a> s due 
to a band, herniation through an aperture, or mesenteric thrombosis 
Bands sometimes give way on the slightest handling or they may be 
very tough and require division by scissors Any long band should be 
excised and not merely div ided, lest it should cause further obstruction 
The condition of the gut must be carefully inspected , the changes 
which may be found and the treatment reijuired are exactlv the 'same as 
in strangulated hernia (Fig 440) (SeeVol IT) If the obstruction is 
caused by adhesions, these should be separated under the guidance 
of the eje as far as possible, for the gut is so easily torn during blind 



Fig 449 —Area of small intestine, damaged 
b]r pressure of a band or adhesion, being 
tucked in bj Lembert sutures 
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^paration the mvofved area is at the bottom of the pelvis the 

Trendelenburg posture may be a great assistance The intestine at the 
site must be carefullj inspected after the separation Sometimes there 
are many points of adhesion and the separation must be continued until 
it IS certain that the obstruction is completely relieved WTiere the 
adhesion is to an old tuberculous gland the intestine is particularly 
likely to gi\ e \\'ay Any hole mto the bow el must be carefully repaired 
by suture though, if there is a tendency to a free escape of bow el con 
tents, the bowel should be allowed to empty itself as completely as 
possible before closure More frequently', only the pentoneal coat is 
tom but It may be tom m numerous places If shreds of peritoneum 
can be easily replaced and fixed by a point of suture so much the better, 
but if this is not possible and the condition demands that the operation 
should be termmated wnthout delay these areas may be allowed to look 
after themselves provided always that the lumen has not been opened 
If there are many raw areas w ith free bleeding, saline should be poured 
mto the cavity so that the pentoneal surfaces will be kept apart for 
some hours Usually the abdomen can be closed wnthout drainage, 
but if anv considerable abscess has been opened it is wise to bnng a 
tube from the pelvis and out at the lower end of the panetal incision 
Sometimes several cods of mtestine are so closely adherent that it is 
well nigh impossible to separate them In these circumstances it is 
best to short circuit the area by lateral anastomosis but no greater 
area of bowel should be excluded than is essential Resection is 
seldom required except w here there has been strangulation Only v ery 
rarely is external drainage of the small intestine required and entero- 
stomy vnth Its n«k of dangerous sequelae should be av oided w henev er 
possible As a rule, a rapid closure of the parietal incision is required, 
and for this purpose a continuous suture of the peritoneum, followed b\ 
through and through sutures of silkworm gut for the other la\ers, is 
effectiv e and safe 

Treatment of mass obstructions. — In these cases manv coils may 
be bound together by adhesions m what seems and often is, an ine\ 
tricable tangle This tyqie of obstruction is perhaps most often met 
with as the result of caseating tuberculous mesentenc glands, or of 
pelvic peritonitis following appendicitis Attempts to separate the 
wv-siiccesstul awi i£ ^ecasted in will 
probably make a w ide resection inevitable, or at best leav e raw surfaces 
w hich w ill form fresh adhesions There is little nsk of gangrene, as the 
coils, are sharplv kinked rather than strangulated, so that there is no 
additional nsk in leaving the mass m the abdomen The correct 
procedure therefore is to short ctrcutl the obstruction, making a literal 
anastomosis betw een tw o coils of gut, one on either side of the obstruc 
tion It is necessary to exclude as small an amount of intestine as 
possible therefore it is important to make the union behveen a coil 
lust above to one just bdow the obstruction It is sometimes 
impossible to expose unobstructed smaU gut below a miss of apesions 
m the lower ileum In such circumstances the union may be made 
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betw een the small bow el abo% e the obstruction and the cajcum There 
may be a temptation to make an end to side anastomosis but lateral 
union has the advantage that after the obstruction settles dowm some 
of the intestinal contents maj find their way through the normal 
channel and that if the obstruction is absolutely complete the piece 
of bow el between the anastomosis and the obstruction can regurgitate 
its contents to the anastomosis rather than become dangerously 
distended w ith infected mucus (see Fig 473 p 929) In mass obstruc 
tion where the involved area can be freed from the panetal peritoneum 
and brought outside the abdomen resection wnth immediate anasto- 
mosis ma> be the best course 

Treatment of strangulation by bands — In these case> a coil of gut 
IS constricted by a band and suffers just as the coil of gut does in a 
strangulated hernia i e there is not only obstruction of the lumen but 
interference with the blood supply and if unrelieved the condition 
goes on to gangrene The site of obstruction must be exposed and 
the constricting band divided The constneted loop is then examined 
as in strangulated hernia to estimate its vnabihty The lines of con 
stnction at the two ends of the loop are examined and also the loop 
Itself If the constriction has not bitten into the gut if the loop has 
retained its glistening appearance and if its shows signs of revival 
after being wrapped up for a few mmutes m a hot swab it maj be 
expected to recover even if considerably congested If however 
the lines of constriction are deeply cut or ulcerated or if the loop Ins 
lost its polish is limp or toughly cedematous and more especially if 
It shows patches of what is probably commencing gangrene it cannot 
be expected to recover and entcrcelomy muBi be earned oxU End to end 
anastomosis is the best way of restoring continuity of the bowel 
(see p 911) Tliere is no alternative to this course for though the 
offending loop may be withdrawn from the abdomen anchored there 
and opened thus creating a f-ecal fistula the case usually ends fatally 
as the result either of continued toxaemia or the loss of intestinal 
contents The latter cause is especially operative when the opening 
has to be made higher than about tliree feet above the ileo-caical 
valve Subsequent attempts to close the fistula have been attended 
by a high mortality 

Post-operafne prevention of acfhcsfons — A great deal of work 
both clinical and expenmcntal has been done on this problem It is 
first necessary to recognize that the pnncipal causative factor is 
infection rather than trauma None the less anything that injures 
the debcate endothelium of the peritoneum is harmful and all mtra 
peritoneal manipulations should be conducted with great gentleness 
Gauze held m sponge handles should never be screwed round in an 
effort to clean up some area There is some doubt vvliether blood in 
the peritoneum leads to the formation of adhesions or whether it may 
have just the opposite effect WTiile it is certainly not necessarv to 
irrigate the peritoneum in an attempt to remove all blood it is best 
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to remo\ e gross masses of clot These are best baled out u ith the 
hand Rough gauze swabbmg should ne\er be used Adhesions 
which have to be broken do^vn after some intra peritoneal mflammation 
are not so likely to re form as is often supposed \\ ith these reserva 
tions it IS well to recognize that as far as possible all areas denuded of 
pentoneum and all raw or rough areas should be covered by pentoneum 
or by some organ as for instance when the uterus or a loose pehic 
colon is turned back o\er a raw area in the bottom of the peKos 
^^^en neither of these plans can be employed the omentum maj be 
used as a protects e either as it is or m the form of an isolated graft 
Another plan is to pre\ent structures that might become adherent 
such as mtestine from coming into contact until at least a certain 
amount of repair at the traumatized region has taken place Incident 
ally it IS surprising m how few hours such areas are co\ ered b} lymph 
which soon organizes and in turn becomes covered by endothelium 
To keep ^ iscera apart until this reparatue process gets started normal 
saline left in the peritoneal cavity probablj serves the purpose as well 
or better than anythmg eUe Various substances hke oil and pro 
tective matenals like cargile membrane thin rubber or cellophane 
have been tned but there is little or no endence to show that the)- 
attain their object 

RETROPERITONEAL HERNIA 
During the development of the intra abdormnaJ organs changes of 
position occur especially of the stomach and duodenum of the mesen 
tery and of the cascum and fusions take place between peritoneal 
lasers on the posterior and lateral walls of the pentoneal ca\nt\ As 
a result at certain points folds and fossas occur which may be large 
enough or become large enough to contain intestine and it happens 
from time to time that a coil of gut entering one of these fossae 
becomes constricted and strangulated JIany names have been 
gi\en to these fossae of which a great many ha\ebeen desenbed The 
subject wasw ell revnewed by Moynihan and Dobson * From the suigical 
point of \new those of most irapjortaoce are the paraduodenal fossa of 
Landzert into which the left duodenal hernia passes and the 
mesentenc panetal fossa of Waldeyer which is the site of a right 
duodenal hernia A few cases pf hernia occur into fossse around the 
cscum and appendux into the mtersigmoid fossa and e\en mto the 
foramen of V inslow through w hich a large amount of the small bow cl 
maj find its w ay mto the lesser sac 

In t bi*^ type of hernia the sac maj be laige enough to contam the 
whole of the small intestine so tiiat there are symptoms of \er> 
high obstruction wnthout abdominal distension From the operatu'e 
point of \iew importance lies in the fact that the necks of the fo's* 
are generaUj closely surrounded bj blood x essel Thus the nec 
of the paraduodenal fossa has the infcnor mesentenc \'em in the upper 

Retroptn creal Harfa 2nd Erfn 1906 
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horn, and the left colic artery m its lower The neck of the fossa of 
Waldeyer has the superior mesentenc artery and vein in its anterior 
margin It is therefore a cntical proceeding to enlarge the ring to 
release the henna, and closing the ring to prevent a recurrence 
IS equally dangerous Fortunately, there is rarely any difficulty 
m withdrawing the intestine from the sac, but when there is the 
neck should not be nicked but should be stretched with the fingers 
Should the intestine be reluctant to leave, the surgeon must make 
pressure on the sac while at the same time gentle traction is made on 
the entering bowel, not on the mass but on one or other of the separate 
pieces To effect reduction it may be necessary to open the sac and 
to puncture and empty some of the coils of contained intestine to 
dimmish their bulk 

The diagnosis is seldom made before operation the abdomen being 
opened for obstruction The treatment of the constricted intestine 
IS on the same lines as in strangulated hernia elsewhere (Vol II) 

OBSTRUCTION BEYOND THE C^CUM 

Blind cxcostomy. — A good deal of discussion has ranged around 
the question whether the surgeon should be content to make a blind 
cacostomy or whether this should be preceded by an exploration of 
the abdomen The answer depends on the situation of the obstruction, 
the condition of the patient, and the degree of abdominal distension 
If the surgeon is able to determine definitely before operating that the 
obstniction is beyond the c®cum then there can be no objection to 
making a blind cjccostomy The only real nsk is that the surgeon 
might open the csecum when he ought really to be dealing with an 
obstruction in the small bowel No one will deny the advantages of 
a general exploration in cases in which a cacostomy is necessary 
as a part of the management of obstruction due to a malignant 
growth of the large bowel It is a great advantage, for instance, to 
ascertain whether or not the condition causing the obstruction can be 
dealt with there and then, or if there must be a second operation, and 
whether at such an operation radical interference u ill be possible or only 
some further palliative Tneasure, but no such exploration can be safely 
carried out wxffi a vury rff pa(Tc^^ or a mereft rfrstended ahdcmrtjfr 
In some patients the diagnosis is made sufficiently early for the explora- 
tion to be made m safety, e\ en though it can only end witli a caicostomy 
as the first stage of a subsequent operation for the removal of a grow th 
In other cases the abdomen is much too distended and the patient 
IS far too ill to permit a general exploration In these circum- 
stances blind cacostomy should be performed Between these two 
extremes there are cases m which the expcnence and judgment of the 
surgeon must help him to decide whit course to pursue If blind 
ciecostomy is decided upon, the surgeon must be satisfied, after having 
exposed the cacum, that the obstruction is m the large bowel If 
there is any doubt, the parietal incision must be enlarged so that the 
small intestine may be explored If the crecum is empty and collapsed. 
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the obstraction is in the small intestine if the caicum is tense and 
distended the obstruction is below that part of the bowel 

Hxploration for large bowel obstruction — There are few causes of 
large intestine obstruction other than solvailus or malignant stricture 
and \ohTilus whether of the caecum or of the sigmoid would be 
obvious immediately the abdomen was opened The probabilitj is 
that a malignant stricture w ill be found and the colon must be method 
ically exarmned from below upwards because grow tbs causing obstruc 
tion are much more common m the left colon than in the nght WTien 
the seat of obstruction is found it will be recognized by the change 
from collapsed to distended intestine but the growth will often be 
small and of the constricting tj’pe and maj be overlooked if the 
surgeon is expecting to find a considerable tumour Having been 
located the growth is examined to make sure that a loop of small 
intestine is not adherent to it and obstructed as happens occasionally 
in cancer of the descending colon The liver must be examined for 
secondary deposits and if thej are absent the grow tb is more carefully 
examined to determine the prospects of a subsequent operation for 
Its removal The wound is then closed and a separate incision made 
in the nght iliac fossa and the distended csecum brought up to the 
wound and opened \Vben the growth is not considered removable 
or if this pomt is m doubt two other courses are avaDable ^^'hen 
situated above the pelvic bnm a lateral anastomosis may be made 
between the oecum or some other proximal part of the colon and 
the bowel below the growth If situated at pelvic bnm or just 
beyond a colostomy may provide the best form of relief or will suffice 
to dram the bowel and to provide for physiological rest m the hope 
that after a penod of a few weeks the conditions around the growth 
may hav e so much improv ed as to bnng it w ithm the range of palhativ e 
removal \\Tien a second stage radical removal is contemplated some 
surgeons prefer to make a dysfunctioning type of colostomy (Devune) 
In these circumstances I consider that cacostomy prov ides a sufficient 
protection and it has the very great ad\ antage that hav^ng sen ed its 
purpose It can be easily and safely closed at a single sitting 

Techmque of csecostomy — ^Tbis is best performed under general or 
spin^ aniEStbtsia lor i.btragb Irocal 

mten ention to be earned out w ithout pain there is a nsk of necrosis 
of the w ound edges probably encouraged by the f$cal contamination 
which IS bound to occur The incision should be an oblique one aero's 
a line from the antenor supenor ihac spine to the umbilicus and at the 
junction of its outer with its middle third (Fig 450) In 'pare 
subjects an incision of two inches or even less will suffice but it 
hav e to be 4 to C inches long in the obese The j>entoneura is opened 
and the c^cum identified m handling the latter the surgeon mu't 
remember that if it is distended it may be readily injured and that 
sutures will not be easy to apply without tearing If there is any 
difficulty m bringing the <uecnm mto the w ound because of distension 
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it M lU be safer to puncture it t« st/u with a trocar and cannula With 
the escape of gas and perhaps liquid faeces the cacum becomes flacihd 
and in this state it must be held w ifh forceps and u ithdraw n from the 
incision \\ ith the cannula still retained The latter is not remo\ ed until 
the boivel has been safely fi\ed to the panetes The aecum having 
been fitted into the u ound is attached to the edges of the peritoneum 
by a few points of catgut suture Another method is to draw the ends 
of the abdominal incision tc^ether w ith a silkivorm stitch w hich also 
takes a bite of the wall of the bowel but without entenng its lumen 
In either of these ways an area of the cacum like half a tangerine 
orange is fixed outside the abdomen This may be opened immediately 
if the obstruction is well marked or .opening may be deferred for 24 



— Incis ons for ccrcostoiny and colostomr 


to 48 hours so that the peritoneal ca\nt> may be securelj shut off by 
the formation of plastic exudate 

Tlv? csecv.v? £>pe!>eS hy an mcisjan aboul an xocb laqy in ihs 
summit of the part exposed This suffices for the insertion of a 
moderate sized Paul s tube which is securely tied into the bowel with 
strong silk If the area of the cacum is not sufficient for tying in a 
tube tlie edges of the incision into the bowel may be fixed by stitches 
to the edge of the w ound or the skin bejond at about four equidistant 
points Tins method is satisfactory and there is no special nsk of 
infection of the panetes It has the disadvantage that there is no 
means of conducting liquid faces away from the area during healing 
A Pauls tube loosens at the end of a week or ten days and should 
then be removed By this time whichever method has been employed 
the ca.cum will be well exposed beyond the level of the skin and the 
greater part of the intestinal contents will find a ready exit The 
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bowel bejond can be easily imgated from the cacal opening and 
it may also be possible to w ash it out through a rectal tube the fluid 
returning through the cascostomy 

Difficulty m bringing the caecum outside the wound — This maj be 
due to excessne distension to the absence of a meso-c$cum or to 
pathological adhesions When the caecum cannot be brought to the 
surface without undue tension some other part of the large bowel 
should be opened — most conveniently the transverse colon Wlien 
the obstruction is m the ascending colon ileostomy may be substituted 
for cfficostomy 

Safety valve czecostomy — In this method a large sized rubber 
catheter (\o 14 or 16) is fixed into an opening in the caicum and 
slightly buned in the bowel wall by two or three surrounding purse 
stnng sutures (Fig 500 p 1007) This may be done without with 
drawing the caecum from the abdomen or it may be returned and 
anchored to the parietal peritoneum by one or two sutures Though 
this method has its uses m the treatment of pentonitis it cannot 
be recommended for the relief of obstruction or as a preliminary to the 
removal of bowel grow ths 

It IS to be remembered that csecostomy in any form is only a tern 
porary expedient and is not intended for permanent drainage Indeed 
drainage of the cxcum and right colon is attended with so much 
discomfort owing to the fluid discharge that a permanent opening on 
this side should be avoided whenever possible 

Colostomy — Where the character of the obstruction makes it 
probable that the drainage must be permanent colostomy is indicated 
The intestinal contents become less and less fluid from above down 
wards the faces becoming formed at or about the middle of the 
transverse colon A fluid fnecal discharge over which the patient has 
no control is very trying so that colostomv is rarely done except in the 
transverse or the left colon obstructions of the right colon being over 
come by ileo transverse colo&lomy if that is possible Colostomy is 
always made on the front of the body by the transpentoneal route 
The lumbar method has nothing to recommend it and is now obsolete 
In addition to the greater ease of the anterior operation it has the 
enormous advantage that the opening is m a position where it can be 
seen and attended to by the patient 

Transverse colostomy is said to have certain advantages over 
inguinal colostomv in that the artificial anus is more readily cleanecl 
and an apparatus is more easily fitted but nevertheless the inguinal 
route is that usually employed 

Inguinal colostomy — ^This operation is merely for the purpo e of 
draining the colon and no exploration of value can be conducted 
through the small incision which is all that is necessary for maKin,, 
the colostomy It is not a good plan to enlarge this incision lor 
ex-ploration as hernia is almost certain to follow and a colostomy 
opening perched on the top of a ventral hernia is very unsatisfactory 
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If explontion is required a sci>ante ‘snb umbilical incision should 
be made As graa e issues often depend on this exploration it ma> be 
necessary to put the patient in the Treodelenberg position and to inspect 
as ^\ ell as palpate the grow th WTien this midlme incision is employed 
the separate small incision required for the colostomy maj be more 
easily made from the outside uhen the fingers of the hand inside the 
abdomen are used to make its wall prominent at the site for the incision 
This method is sometimes spoken of as a stab w ound but anything so 
suggestive of violence is unw orthy of a place m modem surgery The 
best place for colostomy is an oblique incision in the left ihac fossa 
not too near the iliac spine (Fig 450) It should be made across the 
junction of the outer with the middle third of a line drawn from the 
anterior superior spine to the umbilicus Some operators prefer an 
incision through the rectus muscle or at its outer border Whatever 
its situation the incision should be as small as will suffice but its 
length will depend on the build of the patient for in v ery stout subjects 
it must be longer than in those that are spare The object of making 
a short incision is to prevent prolapse of the small intestine by the 
side of the colostomy to dimmish the risk of prolapse of the colostomy 
itself and to prevent subsequent hernia at the site Some surgeons 
use a muscle-separating incision under the mistaken idea that it gives 
the patient a measure of voluntary control such an approach hampers 
the surgeon and may constnet the bowel so much as to lead to 
gangrene of some part of the loop The pentoneum having been 
opened the large bowel must be identified and withdrawn from the 
abdomen On occasion it may be difficult to find the bowel and the 
incision may have to be enlarged for the purpose In rare cases it has 
been necessary to inject air or fluid per rectum to distend the bowel 
for identification The common mistake is to look for the bowel too 
far towards the centre of the abdomen generally speaking and 
especially when the mesosigmoid is short it will be found below and 
external to the incision and nearer the iliac spine The large bowel is 
usually recognized easily by its longitudinal bands and appendices 
epiploicK at least in this situation but it may be difficult to draw it 
outside the abdomen and this may depend on the shortness of the 
mesosigmoid or on adhesions which are \ ery common on the outer side 
Adhesions can usually be exjxised and divided thus mobilizing the 
bowel In the rare cases m which the mesosigmoid is so short that the 
bowel cannot be withdrawn it is better to make an independent 
transverse colostomy Tlie bowel having been identified it is necessary 
to select a portion which wall leave four or fi\ e inches of sigmoid abov e 
the opening as a fxcal container 

With the small opening which is commonly employed to-day there 
IS very little nsk of prolapse and in any event as often as not tlic 
prolapse is of the lower segment of the bowel Having selected the 
bowel to be utilized it must be withdrawn until the antime^entenc 
border is level wath the abdominal wall To prevent it from retracting 
into the abdomen and to ensure the formation of a good spur an old 
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pair of artery forceps is passed through the raesenterj from the umbili 
cal side this is better in e\ ery « aj than the glass rod « Inch u some- 
times recommended as forceps are aUrays to hand and glass objects 
may break (Fig fSl a) Some surgeons attain the same object by 
putting a stout silkuorm mattress stitch through the incision and the 
mesentery of the loop w hile others dtau the abdominal ii all together 
benesUh the loop after sufficiently div iding the mesenterj and control 
ling the % essels It is next necessary to fix the bow el at cither end of the 
incision to pre\ent more than has been selected from escaping from the 
abdomen A silkw orm stitch is passed at either end including the sUn 
and the aponeurosis of the external obhque it then secures a good bite 
of the bow el through one of the longitudinal bands but without entenng 



the lumen and tra\ erses the same tissues on the opposite side Wlicn 
the epiploic appendices are large or numerous and espeaaU> if 
they are unusually pendulous it is w isc to ligature them near the bow cl 
and to cut off the excess Though this is not essential it is helpful in 
convalescence Itjr npperiiiwa 

the process may take a long time As a last step m the operation a 
piece of strong rubber tubing about -f’ m m diameter and 10 in long 
IS caught m the forceps which have been passed under the bowel for 
use as descnbed later The bowel is then covered with a piece of 
green protective or old rubber glove and dressings are apphwl Dunng 
the first 48 hours if flatulence is veij troublesome it maj safeU be 
relieved by a dose or tvio of opium but at the end of tint time vshen 
the peritoneal cav itj maj be expected to be safel} shutoff a puncture 
IS made in the summit of the coliBtoinj with the cauter) Tins allows 
gas to escape and usually makes the patient quite comfortabit Ini> 
puncture ma> be made at the time of the operation if the bowel u muen 
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distended, And if ttie obstruction is really acute a freer opening must 
be made and a Paul s tube tied in In an ordinary case, at the end of 
a week, the artery forceps is withdrawn through the mesentery, carrying 
with it the rubber tube (Tig 451, b) TheJatter is tied as tightly as 
possible around the bowel just below or over the puncture previously 
made In about 48 hours the elastic pressure cuts through the bowel 
painlessly and without hemorrhage, and provides a very convenient 
way of opening the colostomy (Fig 451, c) This method was devised 
by Professor Rutherford Monson and has proved entirely satisfactory 
Sometimes the elastic stops short of complete division of the gut, 
but when this is so, any tissue left in the grasp of the ligature is crushed 
and avascular and can be divided with the cautery or even with the 
scissors without much risk of Jimmorrhage In order to prevent the 
ftcal contents from getting into the lower segment it is necessary to 
divide the bowel completely in this way Should the colostomy be m 
tended to be only temporary, complete division of the bowel is not 
usually considered necessary and Us lumen may be cut half across 
on the convexity, or a longitudinal incision may be employed In this 
event the elastic ligature is not indicated As a matter of fact, even 
for temporary colostomy, it is better to divide the bowel completely, 
or f-Bcal matter will be sure to reach the lower end In actualpractice 
it IS as easy to repair a complete colostomy as the sort of frecal fistula 
into which a partially divided bowel degenerates 
Paul’s method of colostomy — In this operation the summit of the 
selectedicop is brought up to the abdominal wall but is not withdrawn 
from the abdomen The base is stitched all round to the peritoneum 
and transversahs by a continuous suture of catgut A circular or 
elliptical portion of the whole of the bowel wall not more than an inch 
m diameter is excised from the summit of the loop and the margins of 
the opening so made are sutured to the skin of the panctal incision 
The opening is made piecemeal and is stitched to the skm bit by bit, to 
dimmish the nsk of contamination Tlie orifice should not be larger 
than will comfortably admit a finger Mr Paul alw ays held that this 
type of colostomy gave the best result though it is admitted that 
contraction is more likely to follow than m the type in which the whole 
6owef IS brought out on to tfie aba’ommaf waff To pre\en( con- 
traction, tlie patient is directed to wear an aluminium colostomy plug, 
which IS retained in position by a pad of wool and a belt 
Transverse colostomy — The masion of about two inches long is made 
either in the middle line or through the left rectus muscle just above 
the level of the umbilicus The transverse colon v'anes verj much m 
position but the omentum provides a guide A loop of bowel is brought 
out of the incision and the omentum attached to it is removed or 
sufficiently freely separated to allow of its being returned to the 
abdomen The gut is fixed as desenbed for inguinal colostomy. 
Occasionall> the mesocolon is so ^ort that the bow el cannot be brought 
out of the wound, the surgeon must then cither be content witli a 
Jarcal fistula into tlie colon or must make an mdejicndent ca;coslom> 
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M^ifications of colostomy —These arc tcnenlh dc\i<;cthn tlich jx. 
of affording some meisure of control o%er the artificial anus but il 
must be admitted that c\en partial control bv sphinctenc action is 
rarely if e\er obtained any method the patient may and usualK 
does acquire a habit so that he knows when the bowel js likcU to 
act and can be prepared To acquire this habit takes time often 
many months and sometimes as long as one or tw o y ears A permanent 
colostomy for non malignant conditions or after successful excision of 
the rectum for cancer need be so little of an encumbrance that pntient> 
ran engage in ordinary occupations with comfort and confidence 
It was hoped that if the oblique muscle fibres of the internal oblique 
were separated as in McBumey s appendix operation or if the rcctus 
muscle were separated and the loop of sigmoid flexure brought out 
through the muscle a sphinctencaction would result R\allsuggest«l 
that not only should the rectus muscle be split but that a stnp of 
muscle still left attached at each end should be drawn oxer the loop 
from each side so that the contraction of the muscle xvould act as a 
sphincter In the Lilienthal method the bowel is dixadcd the 


upper end rotated axially 180-360^ according to the thickness of the 
wall and the twisted gut retained in that position by suture A tulie 
is tied into the upper end for a daslance of 0 in and kept there for a 
xxeek Lilienthal maintains that the narrowed lumen resulting from 


the rotation constitutes a partial sphincter • 

Accidents that may attend colostomy — Sometimes the small intcatine 
or omentum escapes by the side of the large bowel and prolapses 
through the wound to a considerable extent The escaped bowel may 
become strangulated This accident usually occurs m the few hours 
immediately after the operation but it may take phee the next day 
or — in feeble subjects~as longasa weckafterxxards Such an accident 
ran be guarded against by making the parietal incision no larger than ls 
absolutely necessary for the loop of large bowel and also by fixing the 
latter to the edges of the x'ound It must be treated by cleansing the 
prolapsed bowel returning it to the abdomen and putting a few 
additional sutures into the incision The small bowel may alvi be 
strangulated around the colostomy i e between the attached sigmoid 
and the panetes wathin the abdomen Tins accident is more likch 
when the large bowel is brought through the rectus muscle Gabnelf 
reported fixe cases all of xxljich proxed fatal He suggests that inguinal 
colostomy should be made near the anterior supenor spine and that 
the sulcus on its outer side should be closed by a purse-stnng suture 
as suggested by Rankin of the Mayo Clinic I haxe nexcr knoxxai this 
accident occur when the incision is made not more than an inch and a 


half internal to the anterior superior spine 

The colostomy opemn" may retract tntoihe abdomen -—Tins- max liappcn 
quite suddenly or may dexelop gradually It can only 
in which there is no support through the mc>enter\ < r after the latte 
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has been removed Of course it is more likely to take place when the 
mesosigmoid has been veiy short and the bow el is retained in the wound 
at considerable tension Cases are recorded m which it has happened 
after the bowel has been opened, and sometimes the bowel contents 
have been discharged into the pentoneal cavity Even in the latter 
circumstances, with prompt intervention, it has been possible to cleanse 
the abdomen and to remake the colostomy, with recovery , none the 
less it IS a most serious accident and great pams should be taken to 
guard against it 

Gangrene of the loop of bowel has usually followed a very small opening 
m the abdominal wall such as may result from a tight muscle splitting 
incision As a rule it remains strictly limited and can be dealt with 
by cutting away the necrosed part of bowel Occasionally the infective 
process has spread and caused fata! peritonitis 

Phlebitis of the mesenierte vessels has led to death from portal pyiemia 
It can neither be foreseen nor prevented, but it is well to bear in mind 
the general rule that in the presence of potential infection large venous 
trunks should not be perforated by sutures or othef foreign bodies 

Abscesses m the abdominal wall round about the colostomy opening 
occasionally occur They do not show much tendency to spread, 
though cellulitis, and even gas gangrene are not unknow n 

Extensive ulceration of the sktn around the colostomy opening is 
common only in cases of dysentenc infection, but it may occur m 
tuberculosis In cases m which it appears soon after the formation 
of the colostomy and progresses rapidly, the possibility of dysentery 
should be borne m mind, for it then yields rapidly to treatment by 
emetine Sometimes it is merely a consequence of inanition, m which 
case it may be expected to recox er as the patient’s general condition 
improves 

Sequelas of colostomy — Slncture of the orifice is the only common 
condition met with m these days This is to be expected if it is not 
possible to bnng the loop of bowel completely to the surface, or m 
deliberate operations of the Paul type But it may happen even when 
a portion of bowel is brought completely out of the wound, for some- 
times a sclerosing process goes on around the opening until the latter 
may be no larger than will admit a qmll Tlie explanation of this 
state of affairs is not obvious Stnetures of the first type can usually 
be prevented by dilating the opening with the finger and directing the 
patient to wear a special dilator for some weeks after the operation 
WTien serious contraction occurs as a late sequel it is usually necessary 
to remake the colostomy 

Prolapse of the colostomy used to be frequent, but is not often seen 
nowadays Probably it was* encouraged by too large a parietal 
opening As often as not, it is the low er loop of bow el w Inch prolapses 
and tins fact shows that it is not essential to pull dorni the upper 
bowel as far as possible, and if this is done it robs the patient of the 
advantage of a fwcal container The only satisfactorj' treatment is 
excision of the prolapseil bowel 
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After-care of colostomy patierjts.— As a rule, when colostomy lias been 
earned out as part of an operation for the radical treatment of cancer 
oi the rectum, the patient acquires a very satisfactory " habit which 
makes the care of the colostomy comparatively straightfortvard. 
\^en, on the other hand, the colc«tomy is merely a palliative operation 
the patients rarely acquire this ” habit " and they are often further 
distressed by continued discharge from the growih per rectum or by 
regurgitation through the colostomy. There is no definite plan which 
will ensure the habit.’'_ In lime, patients discover for themselves 
the type of diet and the general regime which leads to its develop- 
ment. Usually the bowel may be expected to evacuate at such a time 
as the bowels were accustomed to move before the operation became 
necessary. It is convenient to endeavour to form a habit by which the 
colostomy acts just after breakfast and perhaps once again in the 
evening, but not during the interval. Some patients have slight dis- 
charge after each meal but quite often this is only mucus. Tliere arc 
many colostomy belts on the market and some of them appear to be 
quite satisfactory, but most tend to draw the exposed bowel into the 
cup-like apparatus and may keep it cedematous or unduly t^scular, 
and sometimes they s'eem to encourage prolapse. A great many 
working class patients prefer to rely on a simple home-made apparatus 
which is usually some tj^ye of many-tailed bandage or a flanrfel belt 
tied with tapes. The exposed bowel is protected by a vaselincd cloth, 
and a ring of cotton-wool, coveij^ by a cap of the same material, forms 
a sort of receptacle which they appear to find efficient. 

An ordinary good-fitting aMominal belt nith a shallow cup-shapod 
receptacle which can be laid over the colostomy makes a good outfit. 
The necessary cotton-wool can be adjusted around the cup and all 
kept in place by the belt. The parts round about the colostomy should 
be kept clean with ordinary' soap and water ; antiseptics are not 
necessary, though an occasional application of a spirit lotion may 
harden and preserve the skin. After cleansing and drying the skin, it 
is a good plan to dust on some toilet powder.. Disorders of the bowel 
attended by diarrhcea are best dealt wtli by confining the patient to 
bed until the looseness of the bowels is overcome by diet and the 
necessary medicinal treatment. Constipation must be met by regula- 
tion of diet and the rvell-knoun remedies, but'an enema of hot uiater 
into the colostomy opening may be the bwt help. Some few patients 
find it best to empty the bowel each morning by such an enema. 

Operations for closure of colostomy. — ^This is not usually an easy 
operation, and always requires a considerable degr^cc of meet)’. 
Although the skin round about is sodden and fa-cal-soUed, the parts 
will have acquired a local immunity By the time the operation is 
necessary and there is really very little risk of infection and as a nile 
the wound heals quite well. Any attempt at prclimmar>' clcansin„ 
is best carried out with soap and water followed by ^e use of some 
spirituous antiseptic solution. The parts are so .sensitive 
or spinal aniesthesia is essential. It may be possible to close the l>o«ci 
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without opening the pentoneum, but there is not the shghtest need 
to make that a cntenon, and it is usually much easier if the peritoneum 
IS opened Whatever method is employed, an incision encircles the 
colostomy opening very close to the boivel and is deepened until it 
reaches the panetal peritoneum Often the bowel is so closely adherent 
to the panetes that it runs the nsk of being opened or tom dunng the 
separation, and therefore this step must be earned out carefully and 
under the guidance of the eye any small tears m the boivel must be 
carefully repaired "When the pentoneum is reached it may be possible 
to loosen it from the muscles without actually opening the abdominal 
cavity, but generally speaking this is impossible and it is easier to open 
up and divide the pentoneum all round the bowel so that the surgeon 
can withdraw the latter from the abdomen The edges of the mucous 
membrane must next be defined, and sometimes this requires knife or 
scissors as they may have become everted Having been defined, the 
edges'must be draw n together — the upper to the low er — by a continuous 
suture of chromicized catgut which is conveniently passed from the 
mucous membrane In this way further eversion is avoided and less 
of the intestine is required (or the union, so that the lumen at the 
point IS not too much narrowed This continuous suture must then 
be protected and further inverted by stitches passed Lembert-fashion 
and finally the whole union is reinforced by tacking some of the 
appendices epiploicas or adjoining loose tissue over the suture hne 
Tbe bowel may then be allowed to retract into the abdomen or gently 
pushed back if the operation has been extrapentoneal The defect 
m the abdommal wall should be carefully repaired m layers by 
interrupted sutures of stout catgut with the addition of two or three 
through-and-through silkworm sutures If the surgeon has any doubt 
of the efficiency of the bowel suture he should bnng a small tissue 
dram from the neighbourhood of the repaired bowel to the surface 

About 48 hours after the closure of a colostomy the patient may 
develop some obstructive symptoms, such as colic with distension, 
vomiting and inability to pass flatus These are due to swelling of the 
bowel at the site of the closure and usua!l> subside m a few hours 
They are to be treated by withholding food and giving a dose of opium, 
and not by purgatives or enemata If they do not spontaneously 
subside it usually means that the colostomy will re-open All being 
well about the fourth day the patient may commence to take liquid 
paraffin and as a result the bowels will commence to act, though the 
process may need to be agisted by a glycenn enema \Vlien flatus is 
voided at an early stage the operation is sure to be successful If 
things are not going well there will be inflammatory mischief around 
the wound which will probably break down, the colostomy being 
spontaneously re established Of course, the incision may have to 
be deliberately re opened Sometimes a small fxcal fistula forms 
but heals of its own accord 

Appcndlcostom}. — ^Tliis operation has a limited usefulness as a 
method of relieMng the tension in obstruction of the large intestine 
30 
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l^e operation was brought to the notice of the profession b\ Keetle\ • 
though u eir had made the ongmal suggestionf as a method of treating 
cohtis and constipation and it has smce been used for drainage in 
large intestine obstruction and for imgation in dysenter> It has a 
great advantage over cacostomj m that there is no nsk of soiling the 
pentoneum and bowel leakage is sometimes prevented presumablv b\ 
the valve of Gerlach ^ ^ 

The abdomen should be opened b> McBumey s mcision (Figs 492 
493 pp 979 981} and the appendix identified and shown to be suitable 
for the purpose The caecum at the base of the appendix is attached 
to the edges of the pentoneal incision by a feu interrupted sutures the 
greatest care being taken not to constrict the arteiy in the meso 
appendix The appendix is brought out and the remainder of the 
pentoneal incision closed Tbe wound is closed bj a feu interrupted 
sUkuorm gut sutures above and below the appendtx taking up skin 
and aponeurosis of the external obhque A suture attaches the 
ippendLX to the skin or a safet> pm may be passed through the meso 
appendLx at the skin le\el Tbe tip of the appendix is amputated 
and a rubber catheter passed through the appendix into the lumen 
of the cfficum When the tune amves to close the fistula it is onlj 
necessary to remo\ e the remains of the appendix 


INTUSSUSCEPTION 

By intussusception is meant the slipping of one section of the bowel 
into an adjoining generally distal section It is most commonl> due 
to disordered peristaltic action the exciting cause for which has been 
much discussed but is still m doubt In other cases usuaU> in adults 
a tumour of the bow el e g a polypus acting as a foreign bi^j excites 
peristalsis with the result that the tumour is passed along the bowel 
carrying w ith it and mvagmating its attached segment into the bow el 
immediately below A malignant growth of the deo-cxcal \alve maj 
be intussuscepted to a pomt beyond the splenic flexure Sometimes 
Meckel s diverticulum is inverted into the bowel and causes mtus 
susception but these cases are rare In a senes of 40 cases in addition 
to the malignant case mentioned therewere but 2 cases due to polypus 
one of w hich w as in the colon and one an inv erted Meckel s div erticulum 
The usual type of intussusception due to disordered peristaltic 
action occurs at or near the ileo-c«al junction and is peculiarly a 
disease of early life the vast majontj occumng m children under hxc 
vears In Titzwilham s analysis of 1 000 casest 72 per cent occurred 
in patients under one year There were very few before the third 
month a stead} nse to the sixth a rapid fall to the eighth and i further 
stead} fall to the twelfth Males are more often affected thm females 
(FitzwiUtam males G8 per cent females 32 per cent or in cases under 
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12 inonthis, males> 8 to 1) In the majonty of cases the patients arc 
^^ell developed, healthy, breast-fed babies 

Indications for operation. — It must be remembered that m the early 
stages the obstruction is not al\ra.ys complete, so that there is not a 
typical picture of intestinal obstruction The babie* cry and are 
evidently in pain, vomiting is usual but not insistent and there 
IS very rarely abdominal distension Most cases liouever begin 
abruptly with an attack of severe pam and collapse from which 
they soon recover The classical sign the passing per anum of blood 
and mucus, is sufficiently constant to be looked upon as pathognomonic 
but it IS not always present in purely enteric intussusception A tumour 
can be felt m the majority of cases, and in practice the diagnosis is easy 
and a high average of correct diagnoses is reached Early operative 
treatment has yielded by far the best results and no time should be 
lost in trying to reduce the intussusception by inflation, gravitation 
enemata, or other means In neglected cases, and where the in- 
tussusception has reached the rectum it may be justifiable to attempt 
partial reduction by rectal injection but only in order to reduce the 
bulk of the mass before operatmg Unfortunately these are the very 
cases in w hich this metliod is not likely to prove helpful 

Technique. — Babies stand exposure and handhng of the abdominal 
contents badly, so that for successful intervention the operation should 
be completed quickly The an-usthetic is therefore a very important 
factor, as much time may be lost in closing the abdomen if relaxation is 
incomplete General aniesthesn is entirely satisfactory, though spinal 
has been used with success and has the virtue of producing very com- 
plete relaxation Ev ery effort should be made to minimize shock and 
the child s arms and legs should be completely wrapped m cotton wool 
The abdomen is opened in the median or paramedian line by a v ertical 
incision extending for three inches below the level of the umbilicus 
There is nothing gained and probably a good deal lost, by making too 
small an incision for speed is essential, and the operator must not be 
hampered by vv ant of space m finding and reducing the intussusception 
But a general escape of the small intestine through the wound should 
be av'oided if possible, and this is much easier with an incision of only 
moderate size Alter opening the pentoneal cavity the contents 
are protected and restramed by a large flat swab laid over the wound 
and two fingers are introduced and the intussusception felt for 
and located If the apex has not passed the splenic flexure the 
whole tumour can generallj be bfted or coaxed out of the abdomen, 
and this should be done whenever possible, as it facihtates reduction 
Wlien the apex of the intussusception has reached tlie descending 
colon It must be pushed up by the first and second fingers of each hand, 
tlic left steadying the intussu«cipiens, the right pusiiing up the apex 
Tins may be difficult if the apex has actually reached the pelvic colon or 
rectum, but short of this it is cosy enough In the few cases w here the 
apex has reached tlie anal canal it may be pushed uj) bj an assistant 
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mth the fingere in the rectum until the peine colon below the ape.\ can 
be grasped between the first and second fingers As soon as possible 
the tumour should be lifted out of the abdomen and recen ed mlo 
a not moist to^\ el 


Reduction is rapidly undertaken the mtussuscipiens being held in 
the palm of the left hand while the fingers knead the intussusception 
back^vards the nght hand steadjing and replacing the ensheathin^ 
layer as it is delivered of the intussusceptum (Fig 452 ) Reduction 
IS generally easy and rapid until the last inch or so is reached «hen it 
becomes more difficult owing to the tension on the ensheathing hj er 
and cedema of the remaining portion (apex) of the mtussusceptum 
Gentle pressure on the apex ^vllI e\entuall> lead to reduction though 
possibly the serous coat of the ensheathing lajer maj give wa) at one 
or two places ^Vh^le the pressure and manipulation of the intussuscep- 
tion is being continued the gentlest traction on the entering intestine 
IS helpful and permissible Strong pulling never does good and maj 



Fig 452 — Reduction 0! intussusception by genUe squeez ng (left hand) and gentler 
pulling (nght hand) 

seriously damage the bowel Reduction will be complete when the 
appendix is free to the base of its mesentery or in other parts of the 
bowel when the dimple on the outer wall is pressed out The 
intestine is examined for mjunes to the serous coat any necessary 
repairs are done and the parts returned to the abdomen In intus 
susception about the cacum the commonest site the appendix after 
reduction may look vnery much congested or even be quite black from 
haimorrhagic infarction If the child is in good condition such 
an appendix may be removed but this step is not really neccssarv 
for wonderful recoveries are the rule If after reduction the involved 
area show s signs of gangrene at isolated spots generall> small black 
areas with lustreless serosa these maj be sewn over with safety or if 
the condition is doubtful the suspected section maj be wathdrawm from 
the abdomen fastened m the wound covered with green proteceue 
and a warm moist dressing apphed If m twentj four hours or less 
the parts have recovered they may be replaced within the abdomen 
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\\hile if they do not reco\er a fjecal fistula \mU result llie parietal 
incision IS closed w ith continuous suture of the peritoneum and through- 
and-through silkworm gut sutures for the remainder, the stitches being 
placed half an inch apart 

Complications — In certain cases it may be impossible to reduce 
the intussusception, and in others, where reduction has been possible, 
the gut may have been so damaged, either by its long strangulation 
or in the attempt at reduction, that its viability is doubtful What 
course should be adopted ^ 

3 A f(tcal fistula may be made tn the iutesitne proximal to the tnlus 
susception — This method has little to recommend it, as it leaves the 
intussusception unreduced or introduces a dangerous comphcation 
It should only be done as a last resource in a patient too ill to stand 
any more time-consummg method The spontaneous cure of intus- 
susception by sloughing of the intussuscepted part which is subse 
quently passed, is so rare that verjf few surgeons have seen a case, and 
the few recorded examples are almost legendary' 

2 Short cnciiit by lateral anastomosis — ^This method theoretically 
has the same disadvantages as the first method for it leaves the 
intussusception untouched, and m addition takes time which might 
be better employed m carrying out resection None the less it has 

? roaed very successful and is much safer than resection m infants 
f the intussusception appears to be m a condition of impending 
gangrene, or if its condition is doubtful, jt should be wrapped m 
omentum after the anastomosis has been made It is also wnse to 
bring a rubber drain from the neighbourhood to the surface 

8 Resection of the affected area — ^This method takes a longer time 
than can be safely spent on abdominal operations in most babies and 
has been followed by a very high mortality In older children and in 
adults it IS the method of choice It generally involves a resection of 
the ileo-ciecal angle with part of the ascending colon and restoration 
by end-to end union This operation has no outstanding difficulties 
especially in a patient who probably has a long mesentery’, but it 
cannot be done very quickly, and is not usually undertaken until some 
time has been spent m attempts at reduction 
Tlie operation is, hoivev'er, perfectly justifiable, and is often con- 
sidered the best way out of a difficulty, but a lugh mortality must 
be expected 

Resection may be carried out through an incision in the ensheathing 
layer (Jessett, Barker) This method, which was described m the last 
edition, is an attempt by the surgeon to imitate Nature’s cure of 
intussusception by the sloughing and separation of the intussusceptum 
I have never earned out this plan and am not persuaded that it 
possesses any outstanding advantages 

Choice of operation. — Wienever it can be readily earned out 
reduction is always the best plan Should it prove impossible, or 
should much damage be inflicted on the intestine m the process, sliort 
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circuiting b\ lateral anastomosis mth omental protection of the 
inrohed tiouel is the best course to adopt in children up to about 10 
years of age In older sub]ects resection holds out a goorl prospect 
and can be eniplo>ed rnth confidence 


Chronic IsTtssitSCEprios 

This condition is ^eI> rare and is usually met \nth in older children 
or adults It may be possible to effect reduction safelj but the 
patients are often suffenng from the toKocmia of chronic intestinal 
obstruction and m these circumstances a two stage operation holds 
out the best prospect MTien the «mall intestine is involved lateral 
anastomosis followed in two or three weeks by resection, will be the 
correct procedure In the large intestine the first stage should be 
drainage of the bow el by CfECostom\ and later resection of the m\ ol% ed 
segment 

iNTLSStSCEPTION 2N AdULTS 

This is coramonlj produced bj a bowel growth or an in\erted 
■Meckel s diverticulum 


After reduction the causative factor can usuallv be demonstrated 
and must be dealt with As a rule, bowel re<ection will be indicated 
according to the rules for dealing with this matter {Chap XX) '\^'hen 
a diverticulum is the cause it ma> be everted m the process of 
reduction of the intussusception If the pomt of attachment to the 
bowel is narrow, the diverticulum alone ma> be excised care being 
taken to close the resulting incision m the transverse axis of the bowel 
in order to av oid the formation of a constnclion Should the base be 
veiy vwde or the attachment be on the mfesentenc side the portion of 
bowel bearing the diverticulum should be resected continuity bemg 
restored b) end to-end union If the diverticulum does not become 
everted on reduction of the intussusception and the bowel is m good 
condition its lumen may be opened and the diverticulum ligatured 
off and removed hke a polypus, the outer pentoneal dimple being 
oversewTi Lerafaert fashion In other circumstances resection of the 
parent bowel will be the safest course 


Results. — Intussusception although attended with a grave mortal 
ity shows on the whole better results than any other form of acute 
intestinal obstruction This is undoubtedly due to the fact that 
diagnosis is relatively easy and cases are submitted to operation 
promptly for here, as m all cases of mtestinal obstruction the result 
depends almost entirely on the interval elapsmg between onset and 
operation So many factors affect the issue that it is impossible to 
say what the minimum mortahty should be Delay in operating age 
of the patient resistance to shock the anresthetic are all 
affectmg the question apart from the condition found and the mffi 
culties encountered Resection up to three years of age has proved a 
very senous proceeding, with a mortality approaching 100 per cent , 
but this reproach should be ascribed to late mterv ention rather than 
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to poor technique In the late Mr Carson’s senes of 40 cases there 
were 6 deaths, a mortality of 15 per cent One was colo-cohc intus- 
susception in a patient of 36 years, due to a polypus, another had an 
intussusception starting at a Meckel s diverticulum, and 2 required 
resection, so that of this list only 2 uncomplicated cases died 
Many authors give widely different figures Clubbe, 100 cases, 
mortality 87 per cent , Ladd, 20 cases, mortality 45 per cent , 
Peterson, 19 cases, mortality 48 per cent , Wickmann, 223 cases, 
mortality GG per cent But the figure are of little value without a 
knowledge of the circumstances attending each case 
The mortality of operations for acute intussusception m children in 
these days (1942) is probably m the neighbourhood of 20 per cent 
It IS said that the nsk of recurrence is so great that no operation for 
intussusception is complete unless steps have been taken to prevent it 
This IS not the general experience , indeed, m my own experience of 
many years, only one recurrence took place among patients of the 
ordinary infant type, where the intussusception is believed to be due 
to disordered penstalsis It therefore seems fair to conclude that in 
children no special precautions to guard against recurrence are indi- 
cated In cases where there is a definite pathological cause, eg a 
polypus, a Meckel's diverticulum, a mass of glands at the ileo-caical 
angle, or a growth of the ileo-ciecal valve or m the colon the cause 
must be dealt with But these cases occur in older patients, when 
there is a reasonable chance of recovery from an extensive operation 

VOLVULUS 

Volvulus of the small intestine is extremely rare The condition 
usually involves the whole mass of small bowel, and the exact diagnosis 
IS only made on exploration The treatment is to undo the twist 
after the abdomen has been opened Very few cases recover 
Volvulus of the large intestine, on the other hand, is not so very 
uncommon It is practically confined to the ciecum or the sigmoid 
flexure, the latter being by far the more frequent site It occurs 
generally in adult life, and gives nse to a severe form of acute obstruc- 
tion with marked local distension In many cases it is found in 
association with a mild degree of so-called congenital idiopathic 
dilatation of the colon The rotation of the cacum is more limited 
than that of the sigmoid, rarely exceeding a quarter-turn, while the 
sigmoid may be rotated through a whole turn, or even more 
Volvulus of the cjECum.^ — The abdomen should be opened in the 
median subumbilical line, even if the diagnosis is certain beforehand 
Tlie incision should be free, so as to allow accurate observation of the 
twist and easy manipulation If possible, the whole mass should be 
lifted out of the abdomen Tlie twist is generally clockwise, i c from 
the patient’s right to feft, and after inspection to note its direction it 
must be systematically untwisted, the mass being taken between the 
two hands and rotated in the reverse wav If it is impossible to sec 
which way the twist goes, a tentative unwinding should be done from 
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left to nght when it will soon be evident whether it is being unwound 
or not \\ hen the \ olvulus has been undone some step must be taken 
to prevent recurrence to which there is a definite tendency though 
perhaps more in the sigmoid than in the cacum owing to the thickening 
which IS so often present in the sigmoid mesocolon Not infrequently 
It IS found that a band of adhesions crosses the antenor surface of the 
colon at the point where the cacum w-as twisted and this band requires 
division or removal Recurrence is prevented by sewing the ca;cum 
into the right iliac fossa the sutures passing through the outer longitu 
dinal band (or even through -the antenor if there is a marked tendency 
for the c^cum to fall towards the midlme) and fixing the cacum to the 
pentoneal reflexion on the posterior wall of the false pelvis If the 
Ccecal distension does not disappear after reduction of the volvulus it 
may be punctured and its contents evacuated the puncture being 
closed by suture or com erted into a small cacostomy 

Volvulus of the sigmoid — Treatment is earned out on the same 
hnes Here agam the twist is probabI> from the patient s nght to 
left but the distension is more extreme and thickenmg of the meso- 
sigmoid often makes reposition more difficult and recurrence more 
hkel} The incision in the median or paramedian subumbihcal line 
must be a long one as it is desirable to get the whole mass outside the 
abdomen Sometimes distension of the involved loop is so extreme 
that this IS obviously impossible In such a case the bowel must be 
opened on its summit and the contents evacuated the greatest care 
being taken to safeguard the wound The mass having been lifted 
outside the abdomen the twist is unwound as described above 
Gangrene of the loop would demand evasion but this is rare 

Some of these cases look very complicated but the only way is to 
unwind the twist when the most involved lookmg mass will straighten 
outifmethodicallyrotated in the nght direction WTienafterreduction 
the loop IS found enormously distended congested and sodden a 
small colostomy should be made mto the summit A Paul s tube is 
tied m and the area is sutured to the middle of the panetal mcision 
Patients sometimes get so much rehef from the colostomy that they 
are content to keep it permanently but of course it can easily be closed 
by suture if desired To prevent recurrence the whole loop may he 
excised or its summit may be sutured to the abdominal wall or an 
anastomosis may be made between the upper and lower hmbs 

But recurrence occurs despite the measures that may hav e been taken 
to prevent it colectomy of the sigmoid loop is then the correct 
treatment preceded for greater safety by temporary cscostomy 


GALL STONES AND FiECOLlTHS 
These concretions may become impacted in any part of the intestine 
but the usual site is the ileum within 2 ft ° mlvS.nn 
They are usually safely voided if they reach the colon though impactio 
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in the large bowel may occur [vide ittfra) Sometimes the calculus is 
arrested by a pathological stenosis (usually new growth) and there is 
a specimen in the museum of the Prince of Wales s General Hospital 
consisting of a gall stone as large as a hen s egg impacted m a stneture 
due to cancer of the splenic flexure 

In this form of obstruction early operation is most important the 
high mortality is almost entirely due to late intervention and not to 
any difficulty inherent in the operation or a(ter-care 

The necessary intervention can usually be earned out with local 
anjEsthesia and as the patients are often elderly and in poor condition 
this IS a considerable advantage The abdomen should be opened by 
a median incision below the umbilicus With a couple of fingers 
introduced into the cavity the foreign body is usually readily located 
though it may be necessary to trace the intestine up or down in order 
to find the exact site of obstruction The treatment then consists in 
withdrawing the intestinal cod containing the foreign body from the 
abdomen inspecting it to be sure that it shows no sign of pressure 
necrosis and if it is sound gently pushing the stone upwards until it 
reaches a portion of the intestine less implicated in the obstruction 
Very often the stone cannot be moved in the intestine and the latter 
must be inased at the point of impaction The intestine is gently 
clamped a little distance above and below the stone and the wound 
having been guarded with scrupulous care a longitudinal incision is 
made on the antimesentenc border over the foreign body and large 
enough to allow the stone to be extracted without bruising the edges of 
the incision The opening in the gut is closed in the transv erse axis of 
the bowel to avoid the risk of narrowing the lumen It is not necessary 
to drain tlig intestine In rare cases the gut suffers from pressure 
necrosis and enterectomy must be performed 

^Vhen gall stone ileus is met with there is often an internal fistula 
between the gall bladder and some part of the alimentary canal 
There may also be one or more calculi in the gall bladder itself These 
pathological considerations raise the question of interference with the 
gall bladder either at the time the obstruction is dealt with or as a 
deliberate later step The answer is supplied by the knowledge that 
recurrent obstruction or subsequent gall stone attacks are very rare 
There is the further consideration that patients suffering from gall stone 
ileus are often very ill and any extension of the operation would be 
anunw ise proceeding 

Results — ^This condition often occurs in old and feeble women who 
are poor surgical nsks and although the operation is easy and can be 
done very rapidly there is a mort^ity of over 50 per cent Tins high 
mortality is largely due to delay m diagnosis and operative treatment 
I had three deaths in thirteen operations for this condition In one 
case the calculus which was impacted in the colon measured 7 inches in 
circumference and weighed 5 ot The patient recovered • 
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ENTEROSTOMY 

Tlus IS the name given to the operation for draimng the small 
mt^tine It may have to be employed when the patient is desperately 
ill from mtestmal obstruction, with an enonnously distended abdomen 
but without indication as to the site In such conditions a blind 
enterostomy will overcome the immediate necessities and may assist 
in carrying the patient on to a stage at which a complete operation 
for the location and removal of the cause may be earned out It may 
also be employed in case of paretic obstruction to overcome the great 
tension in the gut, and to provide the means for treatment by irriga- 
tion Lastly, an enterostomy of the lowest part of the ileum has been 
used as the most effectual way of resting the colon m extreme colitis 
These measures are always temporary, and when the opening has ful 
filled its purpose it must be aJloued to close, though this requires 
operative interference An opening into the small intestine for the 
purpose of feeding the patient is quite a different measure and is known 
as jejunostomy (sm p 745) The mam disadvantage of the operation 
of enterostomy is that the opening may develop into an mtestmal 
fistula which, if it happens to be high m the bowel, will cause so great 
a loss of intestinal contents as to lead to rapid star\ation and death 
^Vhereve^ situated, there is the risk of constant discharge of mtestmal 
contents gravely interfering with nutntion and always causing trouble- 
some local skin irntatiun For these reasons it is most important to 
endeavour so to plan the operation that the purpose of draining the 
intestine can be earned out with the chance of subsequent fistula 
If there is no pre-existing incision which may be used, the abdomen 
should be opened in the nght iliac fossa, for in this situation it is more 
likely that the lower part of the small intestine will be encountered 
An mcision only big enough to allow a distended coil of intestine to be 
\vithdraAvn is required A rubber catheter, size No 12. is then fixed 
in the bowel after the method of Coffey This operation is stnctly 
comparable with that surgeon s technique of implantation of the ureter 
into the bowel the catheter in the enterostomj taking the place of the 
ureter. A longitudinal incision to 8 inches m length is made along 
the summit of the loop and is earned through the muscular coats 
do\vn to but not including the mucous membrane The muscular 
coat retracts and the mucous membrane bulges into the incision A 
small openmg just large enough to allow the catheter to be passed 
into the lumen of the bow el is made at the low er end of the incision At 
this point the catheter is fixed to the wall of the bowel with a stitch to 
guard against accidental withdrawal If the aperture in the mucou> 
membrane is too laige, a purse string may be so placed as to tow the 
edges up around the catheter The latter is then laid along the 
incision in the sulcus provnded and of course lying on the outer surface 
of the mucous membrane The muscular coats are then drawn 
together over the catheter either by a senes of intermitted sutures or 
a contmuous stitch If necessary one or two Lembert sutures fix 
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the pentoneum more secure!)' into position The extremity of the 
catheter should be plugged and passed through a hole in the great 
omentum so that the latter intervenes between the small intestine 
and the parietes The catheter is then brought out through the 
parietal incision, and the bowel viall, with the omentum, is anchored 
to the parietes by one or two catgut stitches at the point where 
the catheter comes through the wound In this way the intestinal 
contents can be drained on to the surface, the bow el can be irrigated 
or fluids can be fed to the intestine When the enterostomy is no 
longer required, but not sooner than a week after being made the 
catlieter may be w ithdrawn and m most instances the opening will close 
of its own accord that is supposing the cause of the obstruction 
has been dealt with or has spontaneously disappeared Before the plan 
of interposing the omentum between the intestine and the parietes was 
adopted, it was usual for tlie opening to remain patent so that the 
intestinal mucous membrane protruded on to the skin surface In 
those circumstances a troublesome intestinal fistula resulted which 
could only be closed by operative interference It was necessary to 
separate the intestine from the panetes to expose the margins of the 
opening and to suture it m a direction transverse to the axis of the gut 
Sometimes the whole loop had to be removed, a formal enterectomy 
being carried out The skin irritation which often develops round the 
enterostomy may be relieved by painting with white of egg, or b> a 
gauze dressing soaked m milk 



CHAPTER XX 

ENTERECTOMY AND INTESTINAL 
ANASTOMOSIS 

By G GREY TURNER 

Many conditions make it necessary to^esect portion^ of the small or 
large bowel and to restore continuity or to make anastomosis to short 
circuit an obstruction 

The indications for many of these procedures will be found in the 
appropnate article and here it will be enough to descnbe the different 
methods by which the resection or anastomosis may be performed 
In the early days of intestinal surgery the fear of leakage and the 
feeling that the suture line required support led to the use of many 
contrivances vary mg m complexity from Murphy s button to the 
absorbable bone bobbin How much these mechanical contrivances 
assisted the progress of intestinal sutunng and how far they delayed 
the coming of anastomosis by simple suture is a moot point But tlie 
day of these aids is over and they will not be descnbeO in this 
work Nevertheless intestinal «urgery owes a deep debt of gratitude 
to their inventors and particularly to Murphy whose ingenious button 
with all its nsks and disadvantages made intestinal anastomosis an 
easy and even a relatively safe procedure and did a great deal to 
establish mtestinal surgerv in the comparatively satisfactory position 
which it now occupies 

At the present time intestinal anastomosis is invariably earned out 
by direct suture jvithout mechanical supports of any kind ^^arlOus 
machines of great ingenuity have been invented to reduce tlie 
labour of sutunng with ordmaiy needles manipulated bv hand or 
holder These pieces of compheated apparatus have not y et become 
popular with surgeons in general and it can be stated with confidence 
that they are quite unnecessary are hmited in actual application and 
lack the precision of the ordmary needle carefully and skilfully guided 
by hand 

GENERAL CONSIDERATIONS 
As the contents of the intestinal tract are contaminated w ith micro- 
organisms and as it is impossible to sterilize the bowel by any form of 
preliminary treatment it follows that no operation which involves 
opening the lumen can be performed stnctly aseptically There is 
therefore in all intestinal operations a nsk of failure due to sepsis In 
dividing the mesentery and securing bleeding points injury is clone to 
the blood supply of the tissues to be united m dividing the intestine 
it is impossible to avoid soiling the future suture-Iine In sutunng me 
passage of the needle m the aU-coats suture carries infection w ith a 
risk of ulceration healuig by granulation and subsequent stneturt 
908 
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The Lembert suture reduces the nsk of a leak to a minimum wherever 
there is a serous coat, but at the point where the leaves of the mesentery 
separate to enclose the bowel there is a space uncovered by serosa, 
ver^ narrow, it is true, in the small intestine, but so ivide msome parts 
of the ascending and descending colon that at these points some 
surgeons consider end-to-end anastomosis unjustifiable 
With every care there is a nsk of infection within the mesentenc 
angle, and m experimental work this has been shown to occur mvana- 
blj Soresi * after " many hundreds of end-to end anastomoses 
performed on animals wth every method known using all possible 
precautions,’* finds " that the mesentenc space (angle) was always 
higlily infected from the very moment the anastomosis had been 
performed up to eight and, at times, many more days after,” and that 
' leakage occurred much more often when the thermo-cautery, carbolic 
acid, or any supposed stenhzing agent was used than when the gut was 
simply severed with knife or scissors ’ He maintains that failure 
would always occur from this cause were it not that the infective 
material between the leaves of the mesentery (in the mesentenc space 
or angle) breaks through the point of least resistance i e the suture- 
line joining the two portions of the anastomosed intestine, and drains 
into the intestinal lumen Nevertheless a large proportion of the cases 
do perfectly w ell making not only good immediate but lasting recoveries. 

So-called aseptic methods of anastomosis — By the use of ingenious 
clamps or other forms of apparatus, attempts have been made to 
carry out intestinal anastomosis either without exposing the lumen 
(Frazer and Dott) or wth a minimum of exposure (Seton Pnngle and 
Rankin) 

In my opinion these plans are founded on a misconception of the 
factors governing the results If failure occurs, it is either due to 
interference with the gut m an unsuitable condition as the result of 
infection from obstruction, or to defective blood supply so that there 
IS necrosis at the suture line or it is due to careless application of the 
sutures None of these factors can be controlled by mechanical aids 
Suture material — Tor many years I have used nothing but fine 
chromicized catgut, and this has proved entirely satisfactory , size 8/0 
IS selected for the inner sutures and 3/0 or G/0 for the outer layers 
Silk or linen thread are quite reliable but, as they do not absorb, the 
inner suture, at all events, is probably alway s extruded into the lumen 
of the bowel by a process of ulceration and this may take alon^time, 
(Fig 453) In the experimental animal silk is attended with minimal 
reaction but catgut has the advantage that haaung served its purpose, 

It can be relied upon to absorb safely 

Needles should be rounded and of just such a size as comfortably to 
carry the suture maternl The eye-lcss atraumatic pattern is ideal but 
extrav agant, and the accumulated expenence of many y ears of success- 
ful intestinal surgery has shown that it is not essential 

* Inn S»rf Jvoe »1» IxU St8 
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The principles which should guide 
the surgeon are (1) He must re- 
cognize that no intestinal ana^ 
tomosis of an\ sort ought to be 
attempted in the presence of estab 
Ushed obstruction In this con 
dition the bow el is distended and 
the wall IS cedematous from ui 
faction and after an^ interference 
IS liable to paresis ^^^^en obstruc 
tion IS incomplete or in a ven 
earlj stage and the surgeon is 
tempted to do a complete opera 
tion rather than be content with 
preliminary drainage and a second 
stage resection it i» essential to 
prowde a safety \alve by means 
of some ti-pe of temporal^ en 
terostomy The conditions are 
different m acute strangulations 
where the blood supph is com 
pletely cut off from the bowel 
Then the acute simptoms demand 
interference before mechanical ob 
stniction of the lumen of the bow el 
becomes an important factor and excision of large portions of intestine 
may be required (2) It is essential that an\ operation which involves 
opening the bowel should be done onh when it cm be brought outside 
the abdomen In the small intestine there cm scarcely ever be any 
difficulty , but in the large it is. essential to cecure this by mobilization 
The recogmtion of this factor has been of great v alue m the dev elop- 
ment of the more successful operations for resection of the large bowel 
which are now usual (8) It is also important to see that the cut edge 
of the bowel is not flooded with intestinal contents dunng the apphea 
tion of the sutures and for this reason it is the rule to use some tvpe 
of restraimng clamp This should be quite light and have a good 
spring in the blades so that they may attam their object while injury 
to the wall of the bowel is reduced to a minimum Usually the 
blades are protected by rubber, but if the clamps are sufficiently light 
this IS unnecessary Except when it is necessary to crush the bowel 
to make a groove for an occludmg suture it is never wise to employ a 
heavy clamp (4) Most cases in which failure of union occurs are due 
to some defect in the blood supply of the edges of the bowel at the 
site of the junction This is so very important that the surgeon should 
not rely on pre conceiv ed ideas of what the blood supply should be as 
indicated in textbooks of anatomy but should satisfy himself b\ 
inspection and palpation of the mesentery that the blood xcssels are 
healthy and pulsating right up to the point chosen for the anastomosis 



F g 453 — A linen thread suture hanging 
loose in the intestine 8 months aiter its 
insert on at an operation for intestinal 
anastomos s 
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In order to be quite sure it ma> be necessary to remove the clamps 
and actually see the bowel margin bleed Occa^ionall} the arrange- 
ment of the gauze packing or the kinking of the bowel o\er the edge 
of the abdominal incision is enough to account for some temporary 
interference with the vessels and the surgeon must take care not to be 
misled m this way (5) Further, there must be no tension and the 
bowel ends must he snugly together ivithout the least drag on the 
sutures So far as the actual method of umon is concerned, an anas 
tomosis can always be made safely by simple suture m two layers, one 
continuous running stitch takmg all the coats so as to make the union 
hfemostatic and ^vate^tlght and the second to bury the first by approxi 
mating the pentoneum Lembert fashion At any point where the 
bowel IS uncovered by pentoneum an attempt should be made to 
protect it further by the epiploic appendices or omentum used as 
grafts (6) Finally, if there is any doubt about the security of the 
anastomosis, it is essential that the bowel above it should be tern 
porarily drained so that distension will not add an additional factor 
to strain the umon In these circumstances it is also wise to provide 
a track from the neighbourhood of the anastomosis through the 
panetal incision so that leakage can readily find its way to the surface 
and be less likely to give rise to pentonitis 

ENTERECTOMY AND END-TO-END OR 
AXIAL ANASTOMOSIS 

Small intestine. — Hating decided on the portion to be removed 
the surgeon lifts the affected loop out of the abdomen with a sufficient 
length ofhealthy intestine on each side (Fig 454 ) The general cavity 
of the peritoneum is protected by large swabs w rung out in hot saline 
Tlie intestinal lumen above and below is controlled by applying light 
clamps which do not perforate the mesentery, or by passmg one end 
of a fine rubber tube through a hole in the mesentery , twisting the 
ends together, and retaining them with a pair of pressure forceps At 
the points selected for division of the intestine an opening is made m 
the mesentery by blunt dissection as near the gut as possible, and these 
openings are enlarged as far towards the root of the mesentery as may 
be required The mesentery^ on both sides of the proposed line of 
division IS caught m a succession of artery forceps as the section 
proceeds The actual division is most conveniently and cleanly made 
with scissors In making this division it must be remembered that 
the mesentery is like an open fan, the attachment to the posterior 
abdominal wall being only about 6 in long, while the intestinal attach- 
ment IS about 22 feet, so that m all but v cry wide resections the incisions 
tend to meet at a point near the root and enclose a triangular piece of 
mesentery It is possible, when the mesentery is not loaded with fat, 
to start the incisions as near its root as the pathological condition 
demands and to make the section towards the gut Or the diVMon 
may be made more or less parallel wnth the portion of intestine to tw 
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^moved if It IS not essential to take aw ay the lymph nodes \Vhatev er 
method IS to be adopted, the mesentery should, if possible, be dealt 
with first in order to avoid the nsk of infecting it from the bouel The 
worst possible surgical fault is to divide the intestine and conhime 
vUo (he mesentery with the same htxfe or scissors Sometimes it facilitates 
the operation to di\ide the bowel before the mesenteiy , and there can 
be no objection to this plan provided that fresh instruments are used 
for the mesentery and that the divided ends of the bowel are covered 
over ^vlth gauze swabs 

The vessels may either be caught by a senes of encirchng ligatures 
passed through the mesentery wnth a needle or forceps before its 
division, or sections may be taken up in a senes of artery forceps and 



Fig 4S4 — Intestinal resection line of division of gut and mesentery. 

subsequently tied It is not necessary to interlock the ligatures, nor 
are special clamps required for dealing with the mesentery, but it is 
essential to use forceps whose blades meet along their whole length 
Otherwise, portions of tissue are apt to elude the grasp and, in con 
sequence, vessels retract and may be a source of troublesome or even 
senous bleeding In dealing with the fat mesentery it is important 
that an adequate amount of tissue should be left beyond the bite 
of the forceps, for it is in these cases that the essels are espeaally 
apt to retract and escape the ligatures If this accident happens, 
wth formation of a spreading hiematoma, extravasation rapidly 
occurs and must be dealt wth at once By far the best plan is to 
divide the tissues over the hxmatoma m the course of the vessels and 
to squeeze away the extravasated blood so that the retracted and 
bleedmg vessels can be seen and individually caught and tied 
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The division of the mesentery having been completed a large 
gauze swab is passed through the gap The resection is then pro 
ceeded with 

Nowadajs practically everj intestinal anastomosis is earned out b) 
the method of sunple suture m not less than t\v o layers Light clamps 
are used and the bowel ends held in apposition while the posterior 
peritoneal surfaces are secured by the Lembert stitch (Fig 455) 



-455 — Intestinal anastomos s end to end Bowel 
ends held in appos t on and posterior Lembert suture 
bemg appled 

This IS commenced at the antimcsentenc border and is continued 
across the whole distance of the bowel After this is completed the 
end of the suture is left long with its needle and is covered by gauzt. 
The all-coats through and through suture is then commenced tn the 
same way and is earned right round the bowel In order not to 
absorb too much of the bowel wall when the suture is tightened it is 
wise to interrupt it at about three points by locking or actually t) mg 
the stitch and starting afresh After the bowel has been encircled 
the postenor Lembert suture is earned round the front to the point 
where it was first commenced and is there tied to the end with which 
it started (Figs 455-458 ) Anj point where the apposition is not 
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\erj' accurate or where there is in oo/tng ^Ttd nia> !«: Mipiwrtcil and 
covered over bj an additional interrupted stitch The i 7 ie<en{enc 
angle where the leaves separate to enclose the bowel is undoubtcrlh 
a danger-point but if great care is taken to see that the corresponding 
edge of the bowel is well inverted into the lumen bv the all-coats 
stitch, no harm la Ukel> to result A carefully applied Lembert 
stitch further adds to this inversion and, passing continuous!} from 
the front to the back of the bowel tends to draw the mc'-entenc leaves 



together Tlie area is further supported bv dosing the gap m the 
mesenterv It is usual to leave the damps m po«^ition until all the 
sutures hav e been inserted and tied, but thev ma} be safeh loo^^ened 
at anv time dunng the operation if (I) the surgeon is anvioiis to venf} 
the adequac} of the blood suppl>, or (2) tlie damps arc too near the 
suture line and must be readjusted The} mav be removed as soon 
as the inner all-coats suture has been applied, but thej are con 
\ ement holders for the bow el and arc usually left to the later stages 
The anastomosis is completed uniting the cut surfaces d “le 
mesenterv bv a running suture In^vingtogethcrthecutcdgcsoltne 
mesenterj' there is a risk of pndving a vessel, and if this hapj)ens a 
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hTmatoma forms between the leaves of the mesentery and may spread 
w ith great rapidit> To obviate this risk Littlew ood suggested tliat 
opposing points of the mesentery should be picked up wth pressure 
forceps and that these points should be tied together and this is the 
method which I use Host surgeons taking the greatest care to avoid 
vessels prefer joining the edges with a continuous suture which 
excludes the nsk of leaving even a small aperture 
If clamps are not used the procedure is the same but the sutures 



T g 457 Intestinal anastomos s end to end 
The anter or Lembert suture 

are more difficult to appl> owing to the mobility of the parts and the 
apparent surplus of mucosa To meet the difficulty it is usual to 
insert two guide sutures (one at tlie mesenteric the other at the 
antimescntenc edge) traction upon which wall approximate and 
stabilize the intestinal ends These guide sutures should be sero 
muscular onlj, and mav be removed as soon as the posterior sero 
muscular suture has been applied \Wiethcr or not clamps are used 
it IS convenient to hold the edges m contact bv means of some type 
of fine catch forceps These have been omitted from the illustrations 
in order not to obscure the essential details The method described 
Is satisfactorj and convenient but I usually cmplo} the technique 
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whi(* IS Used for anastomosis m the large bowel and is described and 
T ^ Thepostenor mattress sutures provide a good 
m^ntenc angle and can be relied upon to 
draw that part of the bowel into good apposition and ensure that the 

mucous membrane IS safelj turned towards the lumen (figs 45S-ifiO) 

Ul course the all-coats continuous and Lcmbert sutures are used in 
addition 

Some additional paints— The object of the continuous through and 
through all coats suture is to make a water tight union with control 
of Che vessels The stitch should ^be applied from the lumen of the 
bowel for m this way the edges tend to be inverted and tliere should 



45^ —End to>«nd anutomosis of mattress 
sutures across mesentenc angle as a first stage 

be little or no pouting of the mucous membrme On tlie outer surface 
But to place this suture m this waj is not essential and some surgeons 
advise that the stitch should be an external overhand running suture 
The one essential u> to secure good haimostasis with secure apposition 
but w^thout narrowing the bowel at the site of the anastomo^i-) 
The distance between each needle puncture should not be more than 
a quarter of an inch and the distance from the cut edge should be a 
little less It IS important that the suture should include the whole 
thickness of the bowel wall Sometimes the excels of mucous mem 
brane makes the placing of the needle a little difficult but the surgeon 
must not be tempted to cut mucous membrane awai , is it i> essential 
to have the submucou> hjer well protected bv this excess The 
Lembert sutures maj be interrupted though the small intestine lends 
itself to tlie continuous suture But when the htkr has been com 
pleted there must be no hesitation m putting in an additional inter 
rupted stitch here and there if pouting mucous membrane or oormg 
points indicate additional protection 

Except m cases of injurj where there is much bruising of tlie bowel 
omental grafts are never necessary in small intestine suture It is 
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often stated that single layer suture is sufficient m the small bowel, 
but it IS foolish not to adopt the additional safety that follow’s good 
pentoneal apposition, which maj be so readil> secured by a Lembert 
suture, even if only inserted at a few points along the line of anastomosis 
It IS not necessary, nor indeed is it an advantage, to divide the bowel 
with the diathermy needle or the cautery' or to attempt sterilization 
of the exposed mucous membrane by the application of pure carbolic 
It is much better to regard the lumen of the bowel as an infected 
area and to protect surrounding parts from contamination 
When the bowel-wall is exceedingly thm, great care is necessary to 
avoid entering the lumen when placing the Lembert sutures In these 



459 — W anastomosis m small intestine 
campletecf with gap in mesentccy drawn together 

circumstanccb an adequate hold can often be best secured b} passing 
the needle through the peritoneum parallel to the line of anastomosis 
Man.^ problems m. coonection with end-to-end anastomosis have 
still to be made clear We do not know how much of the gut-wall 
maj be infolded \vithout nsk. of an immediate or late obstruction, 
nor whether a wide infolding gives a sounder suture line than othenvise 
Halsted* said that the infolding of the wall may be great enough to 
fill the lumen, and jet not cause obstruction The fate of this dia 
phragm is doubtful does it persist, does it gradualh or even rapidlj 
unfold itself as the sutures absorb, or does it slow Iv separate or ulcerate 
awaj ? Most surgeons of expenence must agree tliat an end-to-end 
anastomosis seen after a lapse of time does not show an> diaphragm, 
nor is there a fibrous nng such as might be expected if the suture line 
healed by ulceration and granulation 

• Jtmn Eiptr it*I 1913 3ld 
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End-to-end anastomosis in the colon —Difficulties are said to 
occur owing to the thinness of the intestinal wall its poor blood 
supplj compared wnth the small intestine and the presence of the 
appendices epiploicie which make a perfect sero muscular suture line 
more difficult 
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Fig 460 — End to-«nd atustomosis m the colon 
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It IS sometimes adMsed that tlic ippcndices should be removed 
from near the end of the l>o\\el before placing the sutures but this is 
a mistake for they are very useful as supports for the suture line 
and are also an additional source of blood supply Their bases may 
be partially detached and extra fat may be dissected back from the 
suture line but should not be removed 
End to end anastomosis is safest where the serous coat is complete 
but at the same time it can be done where a lateral anastomosis is 
impossible owing to want of material A convenient and efficient plan 
IS to begin by approximating the mesenteric side of the gut b> a 
series of mattress sutures (Tig 4C0) These turn the mesenteric part 
of the bowel well towards the lumen so that it can be safely taken up by 



Fig 46X — Continuous all coats suture passed from 
the lumen ol the bowel 


the all coats continuous stitch which is next applied This is com 
menced just to one side of the mattress suture and is continued across 
where they he and then all round the bowel to finish off where it 
began (Fig 461 ) It is wise to lock or even interrupt this suture 
•it plaC'es but this presents no difSev^t) Tks serous cmis are 

best apposed by interrupted sutures as a continuous stitch may 
interfere w ith the blood vessels and the appendices The bow el 
must be rotated so that the posterior sutures can be applied Finally, 
the anastomosis is protected and strengthened by using the epiploic 
appendices as shown in Tig 460 It is well to reinforce an end to end 
anastomosis in the colon by using evcr> available epiploic appendix 
in this way These must be fix^ in position by a stitch here and 
there but great care must be taken not to occlude the vessels m the 
appendices If there is the slightest doubt about the integrity of 
the suture line or if the intestine is softened or friable from previous 
distension or infection it is essential to bring a nibber tissue dram from 
the region of the anastomosis to the surface In cases where this is likely 
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to be necessary the proper placing of the incision as discussed later 
(Fig 47 1 p 940) IS \ery important If the anastomosis is lou enough 
dou-n as in the iliac or pehnc colon a long tube may be passed from the 
anus well up bejond the anastomosis If this is not possible a tube 
should be left through the sphmcter to p^e^ ent distension of the rectum 


LATERAL ANASTOMOSIS 


The supposed ad\antage o\er end to-end anastomosis is that the 
mesentenc angle is eliminated so that the operation can be safelj 
performed e\ en in parts of the intestine u here the serous coat is not 
complete It also allows union without difficulty between portions of 
bowel of different sizes Its disad\antages are that it takes a little 
longer ow ing to the necessity of dosing and os er sess ing the open ends 
of the intestmes to be anastomosed it requires a greater length of 
intstme and there is a tendencj for the pro'cimal blind end to enlarge 
as the result of the «s a /ergo (I base known a case m whichthis 
dilated blind end burst as the result of a fall ) As a step in short 
circuiting lateral anastomosis is an estab]i>hed procedure and the 
indications w^II be considered m connection with intestinal exclusion 
After enterectom> lateral anastomosis should be made isoperistaltic 
not because it makes anj difference in ihe passage of the intestiml 
contents but the parts he more natural!) and the sutunng is easier 
The choice of a point for the anastomosis must be guided b) the 
purpose of the operation For instance if the anastomosis is done 
after enterectomy is should be placed near the resection so as to 
make blind ends as short as possible If done to sliort-circmt 
a neoplasm it must be placed at such a distance that it will not be 
likelj to be implicated by the continued progress of the grow th 
Technique of lateral anastomosis — ^The resection of the portion to 
be removed is earned out as for OAial anastomosis and the two open 
ends are closed In the small intestine this can be quick!) and safel) 


done b> crushing the intestine at the point selected t)ing a silk or 
strong catgut ligature around the gut at the site of crushing and 
cuttmg awa) the portion to be resected The ligatured ends are then 
buned under a sero-muscular purse stnng suture which ma) be 
safeguarded b) a further superimposed purse-stnng a mattress^sUtch 
or one or tw o separate stitches The colon ma) sometimes be closed 
inthesamewa) but it is wiser to use a dehberate double row ofsutures 
the first all-coats the second sero-muscular For the actual anasto- 
mosis one half the circumference of each section of the gut at its 
antimesentenc border is picked up and controlled b) an intestmal 
clamp The two surfaces to be anastomosed are then brought 
together each held in its clamp oxer a thick stop of gauze wning out 
m hot saline solution the damps being held side b) side or tied 
together at the blade pomts and the hinges Two large flat ^\aDs 
wrung out m hot salme are placed one on each side of the clamp> 
and meeting at each end so that »ilh the stnp of gauze the area of 
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the mucosa is of \ ilue in limiting soiling of the edges bj the intestinal 
contents anj intestinal content is wiped awaj with small gauze 
pledgets 

Starting at the end firthest iwiy le at the end at which the 



Fif 464 — Int«stinal anutomosii lateral m«ihod application of anltner 
sero muscular sjture 


seromuscular suture started the contiguous cut edges are sewn 
together bj an all coats through and through continuous catgut 
suture (Fig 4(i8) which begins on the m»cou^ suffice of the nglit 



F,g ^65 —Intestinal an&stomMia lateral method anastomos s completed 


opening and 1 “^ tlicrtfore 
the contiguous posterior i 
the near end is rcachctl 


knotted on the niucosa This Miture join- 
ntestinil walls together and is knolfttl when 
Tlte mtenor all coats suture-Iint is Uien 
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done, the same thread being used, and the first stitdi on Uie return 
jouniey being made by passing the needle from the mucosa of the left 
through all coats and crossing over to enter the right from without 
inw ards A simple overhand continuous suture may be used for this 
row, the greatest care being taken that each loop falls vertically along 
the suture line, or, if preferred, the ” in-and out ” suture illustrated 
for end-to end anastomosis may be employed (Fig 408) WTien 
tlic far end is reached, the suture is knotted to the end left long at the 
commencement The sero-muscular suture is then resumed (Fig 404), 
the all coats suture thus being buried under the continuous Lembert 
suture When this reaches the far end it is knotted to the original 
end which was left long The clamps are removed and after the 
gaure strip has been slipped away, the suture line is inspected and anv 
bleeding-points controlled Each blind end is then sewn to the 
proximal and distal portions of the anastomosed gut respectively 
and the gap m the mesentery is closed by a few points of suture 
(Fig 465) With one portion overlapping the other this gap in the 
mesenterj’ is more potential than actual 

OTHER ANASTOMOSES 

End-fo*sidc anastomosis.— This method of restoring continuitj is 
used occasionally in small intestine anastomosis as m the MojTiihan* 



Fig, 466 — intestmM anastomosis, end to side The postenor sero*muscuiar suture is 
applied Line of incision in colon shown 

Ma\o retrocohe partial gastrcctomv, or the old Roux's entero- 
cnterostom> eti I' after gastro-enterostomj . It is. more often employed 
in anastomosing the small and large intestine, as m ileo transverse 
colostomy after resection of the nght colon, or in ilto-sigmoidostom} 
It IS easily done, and docs not often leak, but it has .a theoretical 
disadvantage m the risk of axial rotation, though m practice that 
complication very seldom occurs 
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PiK Intestinal anastomosis end to-side beginning anterior all coats 

running suturo 

Taking as a t\pical example the tleo-lransierse colostomy after 
resection of the nght colon, the ileum wll have been divided distal 
to a clamp and the open end of the transverse colon closed The 
anastomosis is then made with the trans- 
versd^colon at a point vvliere tlie intestinal 
wall will hold a suture well and where 
the intestines v\Ul he sniiglv together 
The postenor lienia is generallv chosen 
and IS reached b> raising the omentum 
and exposing the under surface of the 
colon A cone of the large bowtl at the 
selected point la lifted into and controlled ' 
b} a damp The iJcum is brought up, 
held in a damp and. bv givnng the clamp 
a quarter turn to the right holding it in 
the nglit hand, the serous surface of the 
ileum IS brought m contact VMth the 
selected portion of colon The two sur- 
faces are united for the length of the 
diameter of the ileum b) a sero-muscular 
continuous Lcmbcrt suture (Tig 4Cb), 
the original knot-end being left long, and 
the suture again knotted at the end of 
the suture line and left with needle in situ 
The colon is then opened b) an incisioa 
parallel with and \ in from the suture hnc. 
and anj contents of the open intestines 
arc wiped awav with small gaiire picdceta 
A through and through all<oats suture 
Fig 468 —Illustrating the *• in applied scwing together the ap* 

■" pos«IcoatsoftI.et»obo«ek (I.g«T) 
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A Simple running suture ill do for this tlie first knot and the loops 
being, of course, on the mucous surface (Fig 4GS) The first (sero 
muscular) suture is then resumed and the anterior Lembert finished 
burying the all coats suture line (Fig 460 ) 

The cut edge of the mesenten is carefuUj united to the mesentery 
of the colon (Fig 470) 




Fig 470 — Intestinal anastomosis end to side anastomosis completed 

Sidc-to-end anastomosis. — ^This is a method of anastomosis which 
maj be used m restoring contmuit} by ileo-transverpe colostomj after 
resection of the nght colon It is said to have the advantage o\er 
end to-side anastomosis that axial rotation is impossible, and that 
there is no nsk of even temporuy closure of the anastomotic opening 
as the result of oedema , and over lateral anastomosis, that there is 
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onlj one blind end and tint a \er\ short one Mhich tends to crapli 
itself 1^ force of gTaMt\ The detiiK of the operation do not differ 
Irom those alreicl) described for entero-anastomosib (Fig 471 ) 

Anastomosis when the ends are of unequal size— This is often the 
case when the small intestine has to be united to the colon The 
situation may be met by resorting to lateral anastomosis or one of 
the methods of end to side umon but the surgeon may prefer the 
axial method with all its ad\antages To enable this to be done the 
inequality may be o\ercome or much diminished by cutting the end 
of the small intestine obliquely or making an incision along its anti 
mesenteric border and trimming off the comers When this does not 
completely suffice further help can be obtained by modifying the 



Fig 471 — Intestioal anastomosis 
side to-«nd tleo colostomy 

application of the all-coats suture (a) by taking a rather larger bite 
of the end with the bigger lumen or (6) by taking two bites of this 
end to each one of the smaller end 'W'here the dispant\ is \er 5 
great it may be overcome b\ diminishing the larger end by suture m 
either of the ways repre«iented in the diagrams (Fig 472) 

Temporary enterostomy combined with resection — In the small 
intestine this must be avoided whenever possible If it is u^ed there 
must be careful preparation and m the after treatment measures to 
restore the tone and contractility of the distended small bowel and 
the use of the prmciple of decompression by means of the Wangensteen 
or JliUer Abbot tubes ^^’hen it is felt at the time of operation that 
a safety valve must be provided an enterostomy may be made about 
a foot above the site of anastomosis by the technique described at 
p 90G 
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Fig 472 — Methods that may be used when the bowel ends 
are of unequal sue Forthe sake of dearness most of the 
sutures are not shown 


INTESTINAL EXCLUSION 

The intestine is said to be ' excluded ' when the nonnal course of 
flow of the contents is di\ erted Exclusion mav be partial or complete 
For instance if a bateral anastomosis be made betw ecn tw o portions of 
intestine on either side of an obstruction the exclusion is onlj partial 
and IS generally called a ' short circuit If again the gut is cut 
across abote and below the obstruction the part included between the 
tw o cuts IS completely excluded Or if the gut abo\ e an obstruction is 
divided across and the proximal end anastomosed to the intestine below 
the obstruction, then a condition results which is called complete 
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unilateral exclusion So that exclusion maj be d^nbed as (1) 
bilateral partial or short-circuiting (2) unilateral complete and (8) 
bilateral complete 

Indications — One or other form of exclusion his been emplo\ed m 
many conditions either as a permanent treatment or as a first step in 
a tu o-stage enterectomj Of these conditions the chief are olslnuUofis 
of various kinds and facal fistula The t>pe of exclusion knmm as 
unilateral complete has also been used extensuelj for colonic stasis 
Short circuiting has a definite value in acute obstruction e g in mass 
obstruction by bands {see p 8S4) and in paral^dic ileus in nhich the 
\aJue of a\oiding a fistula high up in the jejunum is ob\nou5 In 
organic obstruction of the colon eg in malignant disease an anasto- 
mosis maj be done belueen the small intestine and the colon below the 
stncture (especially \aluable in stricture of the ileo-ca?cal \al\e or 
caecum) or between colon and colon eg tran5\erse to sigmoid in 
splenic flexure growths or cjccum to sigmoid m transN erse-colon 
growths It is howeter m these operations for colonic obstruction 
that difficulties arise and it is well to hate certain definite rules which 
can be applied to the tanous conditions met with especiall) os man\ 
of these operations are done in emergencies as a temporarj measure to 
relieve obstruction before a radical operation can be attempted 


Difficulties and contra indications —In operating for facal fistula it 
IS important to remember that a simple short circuit is useleu and 
that ow mg to rev erse peristalsis a unilateral complete exclusion may 
also prov e ineffectiv e For instance suppose that it is desiretl to close 
a fiEcal fistula in the cacum which has occurred either as the result of 
gangrenous appendicitis or following a deliberate artificial anus for a 
temporarj obstruction and that all attempts at closure b\ local 
operations have failed It is quite useless to do an ileocolostomj or 
an ileo-sigmoidostomj w hethcr a lateral anastomosis or an anastomosis 
after dmsion of the ileum be chosen In the former the intestinal flow 
IS onlj parti} div erted and in the latter rev erse peristalsis wall bring 
f-ecal matter in the direction of the fistula which will contmue to 


dischaige though of course to a les'^jr degree 

Bilateral complete exclusion is nccessaiy for cure that is division 
of the ileum clo^se to the ileo-cscca! valve adivnsion of the colon be)ond 
the fistula and a restoration of continuit} v\ith subsequent removal 
of the excluded intestine If the latter step is not considered wi>e the 
fistula must remain open to some extent to allow the escape of mucus 
which is constantl} secreted and ma> lead to rupture of the csccum 
unless an exit is prov ided (Fig 47S \ ) 

In choosing a «ite for the anastomosis to restore continuit} a fwint 
of special importance is to avoid long Mwd ends In for example n 
growth of the right colon causing ol^ruction but amenable later on 
to radical block resection the anastomosis of the prelimmar} cxclu 
Sion operation must be so placed that a long blind end will not be ku 

. . r.. — 1 . _ an iJeo-sigmoidostomv 


after the radical operation In such a case 
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must not be choseij, as that would mean that the block-resection 
w ould leave a blind end consisting of half the transverse colon and the 
descending colon, which would be kept constantly full of faecal matenal 
by reverse peristalsis This reverse penstalsis is the great disadvantage 



rig 473 — Dangers of short circuiting 
when the ileo cxcalraWe is competent 
Xn A, the csecum became distended with 
mucus and burst Ins th^lowerend 
of the ileum became so tense that it 
ulcerated and perforated as shown in c 
(Rr^nwnlnimart/ /purn Surj Ocl 1916) 


of ileo sigmoidostomy (end-to side unilateral complete exclusion) for 
colonic stasis In the majontj of cases, soon after the operation, a 
mass forms in the right tliac fossa composed of the cacum filled with 
inspissated fsces, and the discomfort sometimes makes a subsequent 
'colectomy imperative 
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Again, suppose an inoperable oilon obstruction, eg advanced 
cancer If the growth is m the cxcum or at the ileo-c.-ecal vaKe the 
operation of complete unilateral e.\cliision is sound, but if the growth 
IS at the hepatic flexure a similar procedure is unsound, as uith com- 
plete obstruction of the colon due to adv ancing grow th the ca-cum and 
stump of the ileum may become so distended with mucus that it mat 
eventuall} give way (Fig 473 . b) 

The same is true of a splenic flexure growth when an ileo-sigmoid- 
ostomy IS unsound as the nght colon and transverse colon are 
undrained 

Attempts have been made to overcome this dtfflcullj bv anastomo-n. 



FiS 474 — Methods of short'Circuiting derued to gmrd against the compheatioos 
tDustrated in Fig 475. 

Croo Anf J Sv'T'i 191^) 


between the carcum and iliac colon (Giordano-Bcrgmann), but this 
leaves two long culs-de sac which again n> es<Kjntiall> un<tound 
It «cems quite clear that if it ts impossible to avod the formation 
of a cul-de-sac it should be drained bv a fistula made at its cvfrtmitv 
This ij. automatical!) ensured in the ca<« of a f-ecal fistiih which acts 
as a V ent for the small quantity of fluid excreted bv tlie muco-a of the 
excluded intestine In other cases a deliberate independent small 
caxostomv must be made • 

Another danger an«es m conn«:tion with lateral anastomosis even n 
rejection is cametl out Should the proximal blind tnd Iw too lone 

• Tcmti * 
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THE BLIND END 


there is a tendency for it to become permanently filled and to enlarge 
and become inflamed and ulcerated, and cases ha^e been recorded 
where this end has given way and caused peritonitis Unfortunately 
the intestinal contents pass to the end of the proximal cul de-sac 
and overflow through the stoma afterwards so that this tendency 
of the proximal cul de sac to " balloon ” is understandable The 
late Hr Carson used to quote the case of a patient, suffenng from fiecal 
fistula after gangrenous appendiatis for whom he did bilateral 
complete exclusion (ileo transveree colostomy side to side), with 
subsequent removal of the excluded colon Two years and tliree 
months after the ileo transverse colostomy the w oman fell dow nstairs 
and was immediately seixed with generalized abdommal pain The 
abdomen was opened, and it was found that the proximal cul de sac 
had ruptured with considerable extravasation 

When ileo transverse colostomy has been made as a first step m 
a two stage removal of the right half of the colon, blind ends may 
be avoided by making an end-to end anastomosis at the time of the 
excision (Dorhng) Of course this can only be done when there is 
a sulficiency of bowel to admit easy approximation of the remaining 
ends after a sufficiently wide resection When these conditions 
obtain, this end to end anastomosis is a convenient method of com- 
pleting the operation, and is easier and safer than tucking in two 
blind ends 



CHAPTER XXI 

OPERATIONS FOR CANCER AND OTHER 
CONDITIONS OF THE LARGE INTESTINE 

By G GREY TURNER 

Excluding malignant disease of the rectum which compnses nearly 
half the cases of large intestine cancer and is considered under a 
separate heading any part of the colon may be affected though a ver> 
high percentage occurs m the left ihac and pelvic portions Thus in 
a senes of 142 consecutive cases cancer occurred m the following 
situations — 


Pehne and iliac colon 

69 times or 48 684 

Descending colon 

9 

G S% 

Splenic flexure 

15 

10 5% 

Transverse colon 

14 

9 9% 

Ascending colon and hepatic flexure 

13 

91% 

Caecum 

22 

15 6% 


TjTies of growth — The majority of colon growths are columnar 
celled carcinomata There is comparatively htfle tendency fo Ijni 
phatic spread and distant metastases are unusual It is for this 
reason perhaps that so much success attends Md^uhca s staged 
operation and Pauls method which asfarastheremo\’aloftheactuaJ 
diseased area and the adjoining lymphatics is concerned is very 
incomplete compared with the extensive operation planned for the 
extirpation of cancer in other situations But it is a great mistike to 
assume that all cases are of the same low degree of malignancy Some 
probably a third of the total number disseminate \videly and it maj 
be before the primary bowel growth has produced marked symptoms 
Growths at the splenic flexure show less lymphatic invol% ement than 
ciecal or ascending colon growths and are generally of the scirrhous 
type Groivths of the CTCum and ascending colon are more often of 
the massive ulcerating type and rare}} give nse to obstruction 
Scirrhous growths are much more common in the left than m the right 
colon and so obscure are the q.mptoms in the early stige that it is 
estimated that in 40-60 per cent obstruction is the first sign of the 
disease It is this factor that is usually blamed for the high operatne 
mortality and the decision as to the scope of the operative treatment 
primarily depends on whether obstruction is or is not present 
The gross anatomical features of these growths are as unportant as 
their microscopic structure Four defimte vaneties may be recognized 
the massi\e growth forming a tubular stneture the infiltratmg ulcer 
limited to a segment of the ^vaU of the bowel the constncting t>pe or 
nng caremoma and the cauliflower or papillomatous variety 
The massive type is the most common up to the splenic flexure and 
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bi.yond that the constricting vanely The papillomatous t>pe is not 
so common as m the rectum and is usually only found m the lou er part 
of the great bowel Tlie recognition of the gross anatomical structure 
of bowel growths has already proved to be valuable in assessing the 
prognosis of those m the rectum (Cuthbert Dukes) The papillomatous 
variety is the least malignant whereas the ulcerative tjpe which 
from the first exhibits infiltrating properties invading the bowel wall 
deeply is the most malignant In the former vanet> glandular 
involvement is infrequent and late whereas m the latter it is not onl} 
early but apt to be widespread Wlien the growth is on the mesentenc 
side of the bowel the prognosis is unfavourable But these distinction's 
have more to do with prognosis than with treatment and do not in 
any way alter the general truth that growths of the large bowel are 
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OFERATIOHS OK THE COLON 
haTC been successfully removed not only vnth immediate recov eiv' but 

\\ 1th freedom from recurrence iorsevera! years (Figs -fTJ, J8S ) In 

dealing uith malignant disease of the large bowel there can be no 
doubt that the thorough local removal is more important than anv 
extension to remove the whole area of lymphatic drainage Fortu- 
nately, in many parts of the large bowel it is anatomically possible 
and comparatively easy to cany out an ideal operation for mabgnant 
disease, and this is particularly so with the nght half of the colon 
Jfany of the glands found enlarged m these cases are not infiltrated 
with growth, but are inflammatory, the result of absorption from 
ulcerated surfaces \\TiiIe this forms no excuse for leaving glands that 
are obv’iously enlarged, it is nevertheless an encouragmg feature The 
amount of healthy bowel to be removed on either side of the grow'th is 
a matter of great importance The spread of bowel cancer doe& not 
appear to be by submucous lymphatic permeation, and while it is 
desirable to remove a sufficient area, it must not be supposed that this 
necessanly means an extravagant resection in every case Probably 
4-5 in above and {i-8 in below is a sufficient margin of safety m the 
great majority of cases 

Surgical anatomy. Arterial supply. (Fig 47G )— The colon is 
supplied by the superior and inferior mesentenc artenes through the 
foUowing branches 

From the superior mesentenc — By the tlco colic, which supphes the 
last 7 or 8 in of the ileum, the cxcum, appendLix, and part of the 
ascending colon, anastomosing above with the \asa mtestma tenuis 
and below with the nght cohe 

By the nght colic, which supplies the ascending colon, anastomosing 
above with the ileo-cohc, below with the mid<5e colic 

By the middle colic, which supplies the transv erse colon, anastomosing 
at the hepatic flexure with the nght colic and at the splenic flexure with 
the left cohe 

From the inferior mesentenc — ^By the left colic, which supphes the 
descending colon, anastomosmg at the splenic flexure with the middle 
cohe, and below with the ascending branch of the sigmoid artery. 

By the sigmoid arteries, which supply the iliac and pelvic colon, 
anastomosing above with the descendmg branch of the left colic and 
below with the supenor haimorrlioldal The anastomosis with the 
supenor hsmonrhoidal is very vanable, and this has been called bv 
Sudek the ' cntical point ’ De Dietnchs. quoted bv Hartmann,* 
says that if the infenor mesentenc is ligatured above the last sigmoid 
branch, circulation is maintained, but if below the last sigmoid brandi 
gangrene of the rectum follows Pauchet {loc cil) sa>s that if the 
infenor sigmoid artery and the supenor hcemorrhoidal are tied separ- 
ately, the circulation in the marginal artery (a term he applies to tlic 
anastomosis by arcades) is destroyed, and gangrene results if. on 
the contrary, Ae ligature is applied to the trunk of the infenor mesen- 


* Ahi Sive, 1809 1, 1091 
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tenc at a point below the last sigmoid artery, circulation will be 
mamtained even m the supenor hamorrhoidal artery If, he adds, 
the marginal artery is preser\ed the middle colic artery can nourish 
the descendmg colon and sigmoid, even if the inferior mesentenc arterj 
IS tied at its ongm Hamilton Drummondf investigated the blood 
supply of the descending colon and rectum He found that on pump- 



B Superior sn^ntenc v1 ry J Ueo eoHc «rt<rr « nfthl eolie Brier} i middle 
eolcarler}' r Inferior ntetmtrrieaxtenr / left ralic utny c Bit.'mnid branches 

ing banum sulphate and almond oil into the inferior mesenfcnc artery, 
it was possible to inject the branches of the supenor mesentenc if 
the ileo colic branch was not tied , and if the supenor mesentenc 
was ligatured at its ongm, it was possible to inject through the inferior 
mesentenc all the vessels of the large and small intestine up to the 
duodenum He came to the conclusion that if the stump of the bowel 
is to be brought dowm after high excision of the rectum, the infcnor 
mesentenc artery should onlj beligaturcd below thefirst sigmoid branch 
If the recto sigmoidal loop is small gangrene maj result from tension, 

t £l 1/ Sar; A{«9. 1»l( I 
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and It IS better to do a permanent colostomy m which case it is safe to 
ligature the mfenor mesentenc artery immediately below the point 
u j ^ ® arterj IS gn en off In actual practice the surgeon 

should determine by direct inspection and palpation whether or not 
t^he blood supplj is adequate at the point at which anastomosis is to 
be made 


Lymphatic distribution — Our knowledge of the Ijmiphatic vessels 
^d glands draming the colon is due to the researches of Jamieson and 
Dobson ♦ Diey describe four groups of glands— (1) the e^icohc on 
the intestmal wall (2) the paracohc on the arterial arcades (3) the 
tntermcdtaU along the main arterial supply and (4) the mam group 
round the arteries at their ongin In a series of diagrams they repre 
sent the scope of an operation necessary to remove a colomc grow th 
in various situations with its lymphatic area bearing m mind the 
arterial distnbution Thus for growths of cctcum and ascending colon 
the ileo cohc branch of the supenor me»entenc artery must be tied at 
its ongin and all the intestine supplied bj it removed with its 
mesentery and lymphatic distribution TTus involves removal of the 
last 6 m or so of the Ueum the cxcum ascending colon and hepatic 
flexure 

For growths of the hepatic flexure the parts supplied by the middle 
cohc artery must be removed and as this devntdizes a large part of 
the ascending colon especially when the nght cohc artery anses 
from the middle cohc the upper section should be through the deum 
at the same point as for caecum and ascendmg-colon growths 
For Iransierse colon growths only the paracolic glands need be 
removed wath the colon which must be resected 8-4 m on each side 
of the growth 

Tor growths of the splenic flexure all the bowel supphed by the left 
cohc arter> and its associate l>'rophatjc area must be removed i e 
the colon from the junction of the middle and left third of the transverse 
colon to the middle of the descending colon 

For growths in the descending colon the same pomt is taken on the 
transverse colon while below the colon is divided at the middle of 
the sigmoid flexure supphed by the upper sigmoid artery 
For grow ths in the sigmoid flexure the pomt of ongm of the left cohc 
artery is the limit for lymphatic removal 

These are of course ideal resections and it may be well to remember 
that growtlis of the left colon tend to the scirrhous tj-pe ''ilh 
paratively limited lymphatic involvement 


EXCISION OF GROWTH 

Excision of a malignant growth is the operation most often required 
in the surgery of the latge bowel Since the earlier stags of its del dop- 
ment half a century ago a great many different methods have been 
evolved Most of these concern matters of detail but some involve 

• 1909 r 1077 
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important principles At the present time it is generallj agreed tliat 
no attempt at excision should be made m the presence of obstniction, 
which must first be dealt wth by drainage of the bowel In the 
absence of obstruction or when this lias been successfully overcome 
the methods available are — 

(1) Intra-pentoneal exasion, with immediate restoration of 

continuity by direct anastomosis 

(2) Preliminary drainage of the bowel by caicostomy or colostomy, 

followed after an interval of two or three weeks by intra- 
pentoneal exasion and restoration of continuity by 
anastomosis As a last step, a further operation for the 
closure of the colostomy is usually required This is the 
typical many stage operation 

(3) Preliminary defunction of the portion of bowel containing the 

growth This is brought about by making a colostomy 
with the two ends so far separated that there is not hkely 
to be contamination from one to the other In this wav 
the loop containing the growth is completely isolated and 
can be treated by irrigations etc , with the object of 
reducing its infectivit> to a minimum After a time the 
growth IS resected and continuity restored As a final 
stage the colostomy is repaired This is the method of 
Sir Hugh DeMne 

(4) With or without prclimmaty bowel drainage, the portion of 

bowel containing the growth is mobilised and brought 
outside the abdomen, and is then excised Tlie bowel ends 
are stitched side by side so that they resemble a double 
barrelled gun, and are then fixed m the wound Continuity 
IS later restored by destroying the spur, though sometimes 
a further intervention is necessary to complete the closure 
This IS the method known by the name of Paul of this 
country and Mickubcz of Germany 
Many modifications have been introduced in each of these methods 
\\Tiate\er method is used, excision of the colon is attended with 
mucli greater risk than the similar procedure in the small bowel Tlie 
principal reasons are as foIlo%vs — the blood supply is not so generous , 
the appendices epiploiC4e interfere somewhat with the suturing , the 
contents of the bowel are more infective and this is often heightened 
by obstruction A further reason is the opening up of the extra- 
peritoneal cellular tissue which is often a necessary accompaniment 
of the intervention 

GrsLRAL Considerations 

The frequent association of obstruction with colonic growths in- 
fluences their management so mucli that it will be easier to consider 
the operative treatment under two heads — (1) in the absence of obstruc- 
tion, and (2) when obstruction is present It is accepted generally 
that in the presence of obstruction the duty of the surgeon is to rclic\ e 
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It and do nothing more at a first intmcntion No operation for the 
radical rcmo\al ts justifiable in the presence of obstruction In nu 
practice tlic operation m two stages exaeth hal\c<l the mortihtv 

If the abdomen is distended and tense and the patient is \onutinL 
It IS certainly umtise to cany out any e\ploration In these circuni 
stances a blind crecostomy proxadcs the maximum ndxantxgc Hut it 
must be borne in mind tliat this operation cannot d > more linn 
relieve the distention of the bowel proximal to the growth and pn vide 
for the escape of intestinal contents It xjoci, not ensure that tlie l>owr{ 
will be completel) emptied or that it will recover its normal sj/c ^^d 
condition If the growth some dtstance awiv from the. c.Tcum it 
will be necessarj to prepare the bowel b> careful and rtpeitcd iaif,ntion 
before anj further operation otlierwi-eit will lie found to bt disten letl 
tluckened and axlematous while it miv also be ulceratwl If the 
olistruction is of a lesser degree and the abdomen is onl> shghtlj 
distended or merelj full while at the same time the condition of the 
patient will not allow the ncccssarj careful examination bv opaipic 
enema etc it maj lie feasible to open the abdomen in the middle line 
for the purpose of exploration 

Exploration —Tins can seldom be idcquate through nn inctsi m 
which will merelj admit the greased hand as is sometimes ailvweil 
Tlie object of the exploration is todctcrmint the pristncc or othenvisc 
of second ftj deposits m the livtr the condition of tin Ijmj li nodes 
and whether there are such extensions of the growtli to neighUwinng 
parts as to render an attempt at removal inadvasahle 

Tlie examination of the liver can be conducted Ihndiv lut the 
relation of the grovvah to the surrounding parts can onlj be ilvtcnmned 
accuratcK under tlie guidance of the eje If the surgci n has no hint 
of the location of the neoplasm the incision should I c m the mid line 
below the umbilicus Tlie presence of a growth having been veniicti 
the liver should next be examined If palpation of the td^c rr the 
under surface gives definite information o! sccondarv dij>osits the 
upjier surface should not be cxplorcel because {us*ogt of a hand 
between the liver and the diaphragm ccrtainlv increases the risk of 
pulmonarj complications Vngiomala adenomata and calafiwl so's 
and in some parts of the world small hvdalids maj all smmhte 
sccondarv dcixfeits of new growth A imiltiplicitv of nodules of not 
less than li ilf an inch m tliamctcr with umbihcated dcprc><iyns alwaut 


tlicir centres ts characteristic of nn tastatic growths 

If deposits are found the questun arises whether anj thing nd cal 
should lie done In the presence of mullipit. noduUs noil mg Init stc^ 
to conect or to anticipate ol»struction b\ a lateral anasi itnosis or bv 
colostomj are juslifiabU To determine the significance of cnlar^nncnt 
of the Ivmph nodes and the degree of local extension it mav be ncces- 

sars to enlarge the incision to use retractr rx and ( ften to OTpI v tlr 
Trinddcnburg iiosture It ma> be verx difTicuU to dan Je wlctlrr 
the conditK n i^ neoplastic or inflammatorj ‘^ometurra a h m{ h r 
maj bt casilv removed for microscopic examinati n but unless ti iv 
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yields a positive report of malignan<^, it may be deceptive, for very 
often malignant lesions are associated with enlarged nodes which are 
only inflammatory It is not wise to attempt to remove a piece 
of the mass in the bowel for biopsy because the little wound may not 
heal and peritonitis may result Nodules of growth on the pentoneum 
are of much worse prognostic significance than quite extensive direct 
involvement of viscera, parts of w hich can be removed w ith the grow th 
But whatever the condition found, at the back of the surgeon s mind 
should always be the admonition not to be easily deterred 

This exploration may be followed either by a colostomy at the most 
convenient spot m relation to the growth or by a preliminary anasto- 
mosis The abdomen ought then to be closed and, with the certain 
knowledge which such an exploration has furnished subsequent 
interference for removal of the growth can be earned out with great 
precision 

^Vhere there is no question of an acute or ‘subacute obstruction the 
operation may be earned out m one stage In these circumstances the 
surgeon must use his own judgment whether a temporary ciEcostomv 
should be made as a last step in the operation to provide against 
distension of the bowel following the interference If there has been 
recent obstruction, or if the proximal bowel is at all distended or if it 
contains much faces, or if the operator has any reason to doubt the 
accuracy of the anastomosis, then it is much wiser to make a small 
cfficostomy which may close spontaneously after it has served its 
purpose But it must be emphasized that this type of caicostomy is 
never so satisfactory as one made as a deliberate prehmmary a week 
or two previously It always takes a few days for bowel drainage to 
become well established and until that takes place the advantage 
of the cfficostomy is doubtful Fatal cellulitis of the abdominal wall, 
onginatmg at the site of a csecostomy made at the end of a long opera- 
tion, has marred an othenvise satisfactory resection If the resection 
IS in the sigmoid it is also important to leave a tube m the rectum to 
guard against distension with flatus and to allow the escape of fiecal 
debris and mucus In most cases it is wise to bring a softened rubber 
tube or a tissue dram from the neighbourhood of the anastomosis to the 
surface through, tlve most dependent part of the pauetal incision, 

Preparation. — In cases where obstruction is absent or has been 
relieved by drainage, there is time for adequate preparation before 
undertaking removal of the growth Tlie most important points are 
emptying the bowel below the growth by moderate enemata and 
irrigation with saline solutions Where there is no opening into the 
bowel above the growth, enemata must be used cautiously', for it may 
be easier for a copious injection to find its vsay' through the growth into 
the bowel above than to return safely, and sometimes an attack of 
olistniction has been preeijntated m this way \Mien there is no 
obstruction, mild apenents such as confection of sulphur and senna and 
liquid paraffin are valuable For twelve hours before operation the 
bowel should be rested, all medianes and irrigations being discontinued 
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and 10 mm of tmctiira opii guen twice during this time It is also 
important to prepare the whole intestinal canal hy careful selection 
and limitation of diet In principle those foods which are known to 
leave a considerable residue or to cause gaseous distension should be 
a\o:ded At the same time the patient must have a sufiicient diet 
such as may be made up from soups eggs arrow root or ground ncc 
with cream sugar fruit juices and drj biscuits and plentj ofharmlescj 
liquid During this probationary period the patient should not 
necessarily be confined to bed Tlie pnnciple is to attain the miximum 
of healthy resistance with the least abdominal distension and thi-> 
may be promoted by moderate exercise Stimulants and tobacco must 
be stnctly limited Amemic patients •should be treated and if anTmn 
is well marked a preliminary blood transfusion is insaluable. 

There is no one intestinal antiseptic which can be relied upon to 
stenlize the contents of the bowel at all events in my time that could 
be reasonably spared for preparation and therefore delay for this 
purpose IS not justifiabie It is well to give liquid parafiin for a few 
days before operation and this may b« helpful in convalescence 
Attempts have been made to raise the resistance of the pcntoncum to 
infection by substances which increase Icucocytosis and by the 
administration of vaccines and much reliance placed on these steps 
by some surgeons In two-stage operations the preparation is carried 
out before the resection especial care being taken to clemsc the 
bowel below the colstomy by repeated irrigations 


Technique — The most important points are to secure adequate 
exposure by suitably placed incisions and to effect thorough mobihza 
tion so as to ensure complete removal and to enable union to be made 
without tension Whenever the growtli is fixed by adhesions or by 
invasion of the surrounding structures the mcision should be made 
directly over it or if a median or paramedian incision has been made 
the surgeon should not hesitate to make a separate indtpcndent 
incision over the growth or to add a transverse incision to his onginal 
one (Tig 477) 

The proper mobilization of these growths converts many a hopeless 
looking case into a promising one but it must be done under direct 
vision and for this reason the exposure by metstons directly cr the 


affected area is very valuable 

WTien the fixity is due to peritoneal adliesions they are often an 
exaggeration of those bands and membranes which are so common 
m connection with the large bowel Tliese can always be dealt with 
by free use of the scissor® but there is often a good deal of blecdin^ 
which must not be neglected If on the other hand the fixation i-> 
due to actual infiltration of surrounding parts by the growth (he 
problem of its removal can only be settled tinder the guidance of the 
eve In the absence of distant dissemination the surgeon must not 
be easilv deterred • and there is no excuse for timidilv 

The technique of the anastomosis is dealt with in the prevaou 

.S« Cctt T urner ^ 
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section but of course it admits of much \anation in detail The 
essentials for success are to ensure that the parts have an adequate 
blood supply that they can be made to he m apposition ^vithout 
tension and that the edges to be sutured are not damaged by crushing 
clamp or ciuterj Every anastomosis of the large bowel should be 
protected by neighbounng appendices or omentum or loose tissue 
tacked over the outer suture line Whenever there is the least doubt 



477 — A shows the incisions employed for the removal of an adherent growth of 
the splen e flexure To enable mobiloation to be earned out the cross cut through the 
rectus had to be employed The patient was operated upon by Paul s method and was 
al re and well ten years afterwards b shows the Incision used for the removal of an 
adherent growth of the ascending colon with many glands The bowel from the lower 
ileum to the middle of the transverse colon was excised c shows a similar Incision 
employed for an adherent growth of the descend ng colon. An explorat on was previously 
earned out through the med an incision 

(B» ff mmion of r*« ) 

of the mtegnty of the suture line a dram should be brought from its 
neighbourhood to the surface 

Extra-abdominal resection — ^Therc are some special methods of 
resection applicable to the large intestine vhich are favoured by 
man) surgeons Of these the methods of Paul (1895) and Alikuhcz 
(1902) are similar m principle Thej both recognize the vfdiic of 
conducting the resection m stages and the importance of intestinal 
drainage Pauls method is the more frequently cmploved If the 
grosvth has not previousl> been located an exploration through a 
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median incision is the first step Otlieisnse an incision is made 
irectly over the grow th which Is mobilized under the guidance o( the 
W r d ^^1 part of the niesenter) are 

ligatured and dlyd^ the loop containing the growth is thus isolatisl 
and brought outside the abdomen The two limbs are then hehtk 
sutured together for about 4 m abo\e the point at winch it is con 
sulered wise to make the diaasion of the bowel so that thn I kjI like 
the barrels of a gun the growth is then cut aw at and Pauls etass 
tubes are tied into either end As a last stage the abdominal wall i> 
drawn together around the ends of the bowel one or two stitches bem" 
required to fi\ the intestine securely to the skin In about ten davs 
the glass tubes Ioo<cn dunnq 
this time the upper intestine 
discharges more or Iiss frech 
depending on the degree of 
obstruction which has been 
present 

After the tubes ha\c come 
awa> the ends of the intestine 
gradiiall) retnet and the wound 
soon cleans up \bout two 
weeks after the operation if 
the patient is m gooil con 
dition the spur between the 
two loops IS clamped with an 
cntcrotomc before which the 
septum giics wa\ leaving a 
frccopenm„ between the loops 
(Fip 478) Tlic enterotume is 
not intended to divide the spur 
but to bnng about its dt 
struction bv pressure necrosis 
Tor this purpo«c it should be 
gradually tightened twice a da> until it loosens The cvtcnial fistula 
then begins to contract and maj even heal spontaneoush or it mav 
have to be closed bt a further plastic operation mtikm^. the third 
stage The whole proceeding takes two or three months flic results 
both immediate and remote are good but to enable the bowel to K 
brought outside the resection has often to be more limited than is 
desirable It is perhaps in consequence of this limitation that re- 
currence in the scar of the abdominal wall i> not uncommon 
^\^^en there has been a deh> of a fortnight or more m appl>ing 
the enterotome the septum mav be bard and n„id In thes? circum 
stances it mav be difficult to get the instrument to grasp the vtjUiim 
and stav in position and some other methotl wall be rcqmretl Tint 
part of the septum nearest the open end of the Ixiwel mav lie de^trnv ttl 
with the cauterv or the bowel roaj be loosened from the panctes to 
assist Its retraction ny either of these means the channel may l>c 
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gradually restored, lea\ing the external fistula to be closed by a 
plastic mtervcnticm 

There are many modifications of this plan, such as making a lateral 
anastomosis at the first operation, the ends of the bowel being clamped 
and dmded flush iwth the surface of the abdominal wall When the 
anastomosis begins to function, the bowel retracts into the abdomen 
and the external fistula contracts and may even close spontaneously, 
though it usually requires some local interference to complete the 
process It may be that it is the retraction of the bowel which 
encourages the anastomosis to function, and this can be aided by the 
regular use of small enemata to secure emptying of the rectum Yet 
another plan is to remove 
the growth, make a lateral 
anastomosis, and then 
close the bowel ends, leav- 
ing them anchored to the 
parietes just beneath the 
skin, so that if anything 
goes wTong a frecal fistula 
can readily form This 
often closes spontaneously 
In obstructhe resection 
(Fig 470) the hmbs of the 
loop are sutured together 
and are clamped at the 
skin level The clamps 
are kept in position for 
three or four days, until 
the parts are safely sealed 
off and are then removed 
when there IS no risk of a spreading infection After about a week, 
the enterotome can be appli^ as in the onginal method 
Any of these method may be employed after preliminary bowel 
- drainage by ciecostoniy or colostomy 

Even in cases where the growth can bo easily mobilized, many 
sarg&^'Ts are in favour of tiie or Pan! operation This is 

especially indicated in growths of the colon between the hepatic 
flexure and terminal sigmoid, a region in which 70 per cent, of cases 
of cancer of the large intestine are situated 

The advocates of the many-stage operation point to the fact that 
immediate restoration of continuity in this region is made dangerous 
by the solid nature and high infectivity of the intestinal contents, by 
defective peritoneal covering, and by the difficulty of serous approxi- 
mation owing to fat-deposit Many patients are debilitated, and 
leakage and septic complications are not infrequent 

Dcfunclioning colostomy. — It was in an endeavour to dimmish 
those ri'sks that Sir Hugh Devine introduced the method known as 



F*? 479 — Obstructive resecUen The limbs of 
the colon are sutured together and the ends are 
in the grasp of crushing clamps flush with the 
abdominal skin surface 
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the defunctioning or disconnecting colostomy * In cacostonn, and 
t^o a lesser extent in ordinary' colostomy, some of the facal contents 
find their way into the distal portion of the bowel which, in con- 
^equence, remains contaminated and does not^njoj complete phrao 
logical rest To overcome these defects De\ine devised a tjq>e of 
colostomy m which the two openings were so far separated from 
each other and were so small that the nsk of contamination from 
one to the other was practically eliminated Further, by treatment 
of the isolated distal loop he attempted to bnng about “ debactertal 
ization ” of the involved segment 


Technique — In dealmg with growths situated bejond the middle of 
the transverse colon the peritoneal cavity is opened by a vertical 
inasion through the upper part of the nght rectus, about 21 m long 
A loop of transverse colon 4 or 5 m long is withdrawn and thelimbsare 
sutured together, leaving a gap near the summit The parietal 
peritoneum is then stitched all round the neck of the loop Button- 
hole openings are made through the skin and subcutaneous tissue 1 in 
to the side of the v'ertical inasion Strong clamps are passed through 
these button-holes to emerge through the onginal incision where 
thej are apphcd to each side of the summit of the prepared loop, 
which IS then divided with the cautery between the clamps By 
means of its clamp each portion of bowel is then withdrawn through 
its corresponding button-hole, the clamps being left in s»/« on the 
surface of the abdommal wail The rectus incision is then closed 
The clamps are not removed until the bowel is securely united in its new 
position, which will usually be in about a week Devine lays stress on 
the necessity of small opemngs, and to attain this end he purpo'^ely 
makes the button hole small and bunches up the bow el m the grasp 
of the clamp After the colostomy is established it is usual to allow 
about three weeks for the cleansing and “ debactenalization ” of the 
distal loop For this purpose most reliance is placed on repeated 
irrigations with sahne, but antiseptic wash-outs or any other effective 
means may be employed \Mien it is judged that the opportune time 
for the removal of the growth has arrived, this may be earned out 
either by the ultra- or extra-abdommal method, but. because of the 
thorough cleansing of the affected bowel which is possible, Devine 
now considers that the intra-pentoneal methods are largely robbed 


of their nsk - 

The final operation for destroying the colostomy spur anti uius 
estabhshing function is done by a special enterotome WTien con- 
tmmty is estabbshed, the colostomy openings retract and become 
very small though it may require one or more applications of the 
cauterv to promote final heahng In non malignant conditions much 
lon'^er tune should be allowed between the establishment of the 
colostomy and the resection Many modifications hav e been suggestea 
but only m detail 


* Bril 3Jtd /nra , Dee 28. 1S3S U 
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Where immediate drainage of the bo\\el is necessary a c.j.costomy 
IS carried out a couple of weeks before making the dcfunctionmg 
colostomy 

General after-treatment. — ^With a drainage ciecostomy, this is 
very simple At the end of three or four days the tube is removed from 
the rectum, and, if there has been no evacuation by the end of a w eek, 
a glycerin enema may be given Tins may bring aw ay* a small stool 
which has accumulated m the bowel After that, flatus may be passed 
occasionally or the patient may even have the bowel moved naturally 
In any event it is not wise to close the Ccecostomy until at least three 
weeks after the resection, and if the latter has been difhcult or there 
has been some subsequent trouble, say from infection, it is better to 
wait a week or two longer To close the cacostomy too early is to 
risk a fistula developing through the wound used for the resection 
Where there has been no preliminary drainage of the large bowel the 
rectal tube is invaluable and should be left »n stlu for a week, a 
little oil bemg run into the rectum every second day As soon as 
the patient is able to take it. liquid paraffin should be given by the 
mouth If at the end of a week there has been no bowel action, a 
glycerin enema may be administered and may be repeated every 
second day if required Generally speaking, it is unwise to use any 
laxative sooner than a fortnight after the operation During the first 
48 hours only small amounts of fluid nourishment, principally glucose 
solutions, are given by the moutli Subcutaneous or intravenous 
glucose must be used if resistance is poor . some surgeons make it a 
routine In the surgery of the laige bowel it is not safe to use rectal 
alimentation A similar diet to that used during the preparatory 
period IS best for the first week If during the first two or three dajs 
the patient is troubled with windy distension, this must be relieved 
by limiting the intake and by such other measures as are used in any 
abdominal case, but it must be remembered that after resection of 
the large bo>\el large enemata cannot be safely emplojed Glycerin 
enemata or suppositories are \ery useful and will usually bring relief 

Non Obstructed Cases 

These can be subdivided into two groups— (1) those in which a 
radical operation can be attempted, and (2) those m which, because 
of visceral or peritoneal metastases, sucli an operation is midvosable 
or impossible 

(1) Wien a radical operation is possible. — Tlie radical operation 
consists in adequate removal of the diseased segment together .with its 
corresponding lymphatic area, preservation of the blood supply of 
the parts left behind, and restoration of the continuity of the intestinal 
canal The type of operation depends on the arterial supply and the 
extent of the serous covenng The clistnbution of the arterial supply 
and Its relation with the lymphatics vanes so much in different parts 
of the colon that the extent of the resection required differs consider- 
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ably Thus m cancer of the cacvm, ascending colon or lichalic flcxun 

»tt lymphatic clearanS to Sove 

all that part of the intestine tihich is supplied hi the ileo colic branch 

?ro^,Kec“ccrart“^ “'ic -rn'g“ 

Irom the ileo cohc artery the part resected must be that contained 

hetiieen the lonest part supplied by the last ileal brandies of the 
Slipenor mesentenc and the highest part supphed bv the middle colic 
amounting to the last 0 in of the ileum the cucum ascending colon 




Fig 480 a — D agram showing parts 
resected m growths of ileo cacal valve 
caecum and ascending colon. 


hepatic flexure and a portion of the right half of the transv erse colon 
(Figs 480 to 485 ) Restoration of continuit) by means of an end to- 
end or an ileo trans\erse anastomosis is comparatively safe and eas) 
The Ueyrn can usuall} bereadilj united to the dn ided colon end to-end. 
but if there is great dispanty the ileum maj be cut across obliquel> or 
the end of the colon ma> be diminished by suture (Fig 472 ) 

In cancer of the Iransierse colon resection, vMth removal of the 
paracolic glands and end to end anastomosis is recommended and 
generally speaking the same course is to be followed in cancer of the 
iltac colon where there is a complete serous covenng (Fig 482) 
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In cancer of the splenic flexure and descending colon a wide resection 
IS necessary to ensure a g^ood blood supply to the anastomotic ends 
(rigs 480b and 481) and ow ing to the absence of a complete serous 
coat m the descending colon the aim if direct union i» to be attempted 
must be an anastomosis between the iliac and transverse colon after 
complete mobilization The restoration of continuity in these cases 
can usually be done by the end to end method but it may be difficult 
If it is impossible it \mU be necessary after resection of the growth 
and closure of both ends to anastomose 


either the ciecum or the ileum to the 
sigmoid hy the lateral method ' 

Generally speaking the arterial 
branches supplying the colon are of 
considerable size and capable of carry 
mg on the nutrition of the bowel for 
quite a distance from their source But 
this can only be determined by actually 
seeing or feeling the vessels pulsating 
or inspecting the bleedmg ends of the 
bowel after temporary removal of the 
clamps In these circumstances it is 
safe to make a direct anastomosis 
though it is always wise to bnng a dram 
from the region of the union to the 
surface 

A more limited resection of the de 
scendtng colon than that shown in Fig 
481 may be adequate so far as removal 
of the growth is concerned but the 
restoration of the bowel depends first 
on the blood supply and second on 
approMmation without tension and 
these conditions can usually be best sub 
served by the wide removal of bowel 

In cancer of the /'c/iic colon (Fig 483) 
there are three aUematives — (l) excision 
of the diseased area with end to end 



F g 48X — D agram showing parts 
resectad in growths ol tSesceni ng 
colon 


anastomosis direct or by invagination (2) excision of the diseased 
area with permanent colostomy and closure of the lower end and (3) 
permanent colostomy with removal of the pelvic colon and rectum 


(abdommo penneal excision) 

(2) ^Mien a radical operation is impossible — In this group wlicrc 
for one reason or another the growth cannot be removed the object 


IS limited to the prevention of obstruction This may be attained by 
a short circuit winch is the ideal plan or by permanent external 
drainage by colostomy according to the situation of the grow th 


OPERATIONS ON THE COLON 
Cases ivhere Obstroctios is Present 

o™^.r„n S" le^;"S 

obstmction before operation It is weU knmvn that obstrori,™ of 
lone n^pn ‘Especially of the left colon and rectum may e\ist for 
ong penods iiathout causmg acute symptoms It is also mco wd 

of harfenTd S'm '“‘T f'’® impaction 

01 nardened fascal masses food particles or foreign bodies in the 

constncted portion of the infestme In obstruction due to stncture 


Fig 482 — ^Diagram show ug parts 
resected m growths of iliac colon 


Fig 483 — D agram showing parts re 
sected m growths of pel? c colon. The 
shaded parts are those removed in 
abdonuno perineal resection of the 
rectum. 


If « Trtnmn*, iwpm in ■s f iifotr ^ 

at the lower end of the left colon an attempt may be made byhmitinj 
food by the mouth by the administration of nu\ \ omica w ith salines 
and by repeated enemata to o\ ercome the obstruction before operating 
This treatment cannot be contmued for more than a short pcnod et en 
in definitely chrome cases as the patient who is probablj debilitated 
cannot maintain strength wathout nounshment and because— and 
this IS \ er> important— m these long standing cases there is a tendenc} 
to perforation of stercoral ulcers either immediately above the 
stncture or tn the ceccum \\Tien signs of acute obstruction ha\ e been 
superadded to the chronic the time for palhativ e treatment h^ passed 
When m doubt a preliminary caecostomy is the onlj safe rule 
It is a cardinal rule that t« eases of obstniclton tt is unjusUfiable to 
attempt a radical cure in one stage tc resection of the affected area 
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and restoration of continuity All the evidence goes to prove that 
this procedure is attended by a prohibitive mortality, and the practice 
IS now universally abandoned The first step is to relieve the obstruc- 
tion, and no more Should be done at this stage 

The method adopted must vary with the position of the growth 
and the possibility of eventually doing a radical cure so that here 
also there ivill be two groups — (1) where obstruction is present with 
an operable growth, (2) where obstruction is present with an inoperable 
grow th 

(1) Obstruction with operable groivth. — The object in \iew is to 
relieve the obstruction, and on a subsequent occasion to perform a 
radical operation, i e removal of the growth with the affected lyin 
phatics, and restoration of the continuity of the intestinal canal 
In this group the many-stage operation is particularly indicated 

\Vhen the obstructive symptoms are marked and the abdomen is 
distended, blind cKcostomy is the method of choice and presents most 
advantages to the patient 

\Vlien the symptoms are milder and the abdomen is not distended, 
the procedure recommended is a midline subumbilical incision long 
enough to admit the hand, exploration to determine the site of the 
growth and the prospects of a radical cure and. if this is favourable, 
closure of the wound and the formation of a ccecostom> through a 
separate opening This applies to colonic obstruction at or beyond 
the hepatic flexure In cases of obstruction at or near the ileo cxcal 
valve, and in the rare cases of obstruction due to a growth of the 
ascending colon, a short-circmt (iJeo-transierse colostomy) is the 
preliminary operation of choice, and is preferable to an enterostomj 
m the small mtestme 

(2) Obstruction with inoperable growth.— The ideal m these cases 

IS to reiie\e the obstruction, and by such means as shall prevent its 
recurrence This may be achieved by a short-circuit or an artificial 
anus, and though the surgeon may aim at the former, circumstances 
may force him to adopt the latter The deciding factor is usually 
the site of the growth In the majonly of cases (75 per cent ) the 
gronth the rectum the pthtccok>n, -sj.odm ihit sjtitaticfi 

a short-circuit is usuallj impossible, and an artificial anus has to be 
chosen 

If the growth is in the cxcum or at the ileo-cxecal valve, the operation 
of choice is an ileo colostomj either to the ascending colon or to the 
first part of the transxerse colon WTien the obstructing growth is 
at or near the hepatic flexure, the caecum can sometimes be united 
to the transverse colon or sigmoid Tlus must never be attempted 
unless the parts can be approximated without tension 
Tlie attempt to short-circuit an obstnictivc growth in the transverse 
colon or splenic flexure introduces the objectionable feature of the 
cui-dc-sac, and for this reason an ileo-signioidostomy should be avoided 
w henev cr possible A CoIo colostom} is quite satisfactory, but it must 
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not be made too near to the growth as there is a tendency (or the 
madeTe's be mvaded If this anastomosis cannot be 

rnade, the surgeon must decide between (1) a permanent artificial 
anus proximal to the obstruction, and (2) complete unilateral exclusion, 
by division of the ileum near the ileo cscal valve, and ilco sigmoid 
ostomy (side to side or end to side), \nth drainage of the excluded 
segment proximal to the obstruction (see p 930) Transverse 
colostomy is not quite such a satisfactory operation as m the dnc 
colon, but the opening can be well protected by a belt 


Technique of radical operations in the different parts of the colon — 
Ileo-c$cal valve, csecum, and ascending colon, including the hepatic tleirture 
— Even when the question of obstruction does not anse manj 
of these cases are best dealt with by a two stage method and this 
especially applies to those with ver^ fixed growths those of large 
size or vv hen the patient is m poor condition The first stage comprises 
exploration and ileo colostomy bj the end to side or side-to-side 
method and the second removal of the growth and nght half of the 
colon For the removal a vertical incision IS usually employed either 
m the middle line below the umbilicus or through the right rectus 
An oblique or directly transverse approach (Fig 477, B) is veiy satis 
factory and often essential with large fixed growths If the surgeon 
starts off with a vertical incision and finds himself embarrassed for 
want of access he should never hesitate to make a cross cut towards 
the loin The ciecum and ascendmg colon are mobilized b> freely 
dividing the pentoneum as it passes from the colon to the panetes, 
and elevated towards the middle line by blunt dissection {Fig 484 ) 
Dunng this step great care must be taken because the second part of 
the duodenum and the ureter are apt to be stripped up with the bowel 
Unless these structures are infiltrated by growth or involved m 
mflamraatory exudate they can usually be easily separated once they 
hav e been identified In the rare cases where the duodenum is invaded 


by the growth a piece of the convexity may be safely ait away, the 
resulting defect m its vv all being repaired in the transverse axis The 
fact that the duodenum is uncover^ by pentoneum does not interfere 
with healing provided two layers of suture are carefully emplojed 
If the ureter i5 inv olv ed it may he possible to cut away a section arii 
to restore contmuitj or the correspondmg kidney may be excised, 
or the ends simply ligatured and allowed to retract into the cellular 
tissue Not infrequently the fascia covering the iliacus or even the 
muscle Itself is invaded In these arcumstances part of the muscle 
must be removed The surgeon must take care not to injure the 
antenor crural nerve at the outer border of the psoas or the lUac 
vessels at the inner border The process of mobilization is continued 
until the ileo colic artery is exposed at its origin from the supenor 
mesenteric The ciecum and ascending colon, with the hst part 
of the ileiim can now be withdraxvn from the abdomen and i nc 
mesentery is not too much loaded with fat, the lleo-colic and middle 



RESECTION OF RIGHT COLON 


Ool 

colic artery w ith its branches can be dearly seen The ileo colic irtery 
and \ein are tied as near their origin as possible and divided between 
ligatures A point on the ileum about 6 in from the ileo cxcal \alve 
IS chosen and an opening is made through the mesenter) as near the 
intestine as possible Tlie vessels are controlled bj pressure forceps 
and the mesentery incised towards its attachment the anastomotic 
branches between the Ueo cohe artery and the terminal intestinal 
artery being secured The ileum is then held m tw o pairs of clamps 
and divided between them If it is intended to restore continuity by 



F g 4S4 — Resect i\g ascend ng colon first stage 
Thfp^ui ijifTTi trO jkmhitbefv orifTtf mH ibeabrM r>l wr loo, Vo e 

uodvnun sivl k tn jreipoy^ 

implanting the proximal end of the ileum into the transverse colon (end 
to-side) tins end IS left in the grasp of a clamp for the time wrapped up 
m a moistened gauze pad If it is intended to do a side to end {side of 
ileum to cut end of transverse colon) or a lateral anastomosis with the 
transverse colon the cut end of the ileuro is closed 1>> ligature or a 
running suture through all coats and is inverted and covered m bj a 
purse string suture the end of which is left long as a convenient handle 
A point is now chosen on the transverse colon prvfcrabl> just bc> omi 
the hepatic flexure and m anj case at least 8 in bevond the growtli 
If this IS within the attachment of the great omentum it should lx. 
cleared bj stripping tlie omentum off the bow cl bj a scalpel close to its 



operations on the colon 

attachment An incision is made through the mcNenterv and t\fcnd(d 
cohrand*the*T^”^T^ the anastomotic branches betu een the middle 
colic and the^eo cohc and right cohc arteries being <=ecured before 

POmt^Slprt rl clamped b> t^^ o pairs of loTcep:> at the 

point selected and is dmded behveen them (Fig -185) If it is 
S' '’y “"Plant'"® the 'leura into the colon 

tend to side) or by lateral anastomosis the distal end of the dmded 



Fig 48S — Ktstcting ascmdmg coioa second stage 

colon IS closed in the same manner as the ileum a step which made 
much easier if the great omentum has been stopped from the colon as 
advised It is tempting to occlude the colon bj an encircling ligature 
and to tuck in tlie end ^ter appljmg a purse-string suture This plan 
may be easil> accomplished m a thm attenuated bow cl but otherwise 
ma> be difficult and unsatisfactoiy The portion of intestine to here- 
moved IS now isolated and is attach^ only by the remains of its mescn 
tery This mesenteric attachment is ven methodically mobilised the 
section of intestine being separated still farther towards the middle 
line by wiping the me'^enteiy upwards and inwards from the posterior 
w all Great care must be taken not to injure the duodenum By tins 
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means a very complete block-removal of the lymphatic area can be 
achieved The base of the mesentery is caught in sections by artery 
forceps and is divided between them, and the intestine w ith its 
mesentery removed Continuity is noiv restored either (1) by end-to- 
end anastomosis, which is strongly recommended it is often easy and 
satisfactory, the ileum being dilated enough to make it fit the end 
of the colon, but if there is marked disproportion it can be cut oblique- 
ly, or the side of the cut end of the colon may be diminished by suture 
(Fig 472) the union is made by direct suture with two layers of 
chromic catgut , (2) by implanting the ileum into the side of the 
transverse colon end to side 


anastomosis, or (8) by lateral 
anastomosis 

The final stage consists in an 
endeavour to repair the peritoneal 
gap which has resulted from the 
separation of the resected seg- 
ment from the posterior abdomi- 
nal wall The free edge of the 
mesentery of the ileum may be 
united to the free edge of the 
transverse mesocolon, thus re- 
ducing the gap considerably, and 
it may even be found possible by 
careful sutunng to cover in the 
remaimng area If it is not 
feasible to cover the bare area 
completely, it should be reduced 
as much as practicable by draw- 
ing the peritoneum over the 
denuded structures as far as that 
can be accomplished without ten- 
sion It IS then fixed to the 



Fig ^86 — Method oE temporary bowel 
drainage alter excision of the escum or 
right colon 


underlying parts by a stitch here and there to prevent its re- 
traction In this region no harm will follow' even if a considerable 
area has to be fei't uncovered When a portion of the ifiaciis musefe 


has been taken aw-ay the area must be packed with gauze There is 
often a good deal of oozing which cannot be easily arrested, and it 
IS wise to leave in a softened drainage-tube or a tissue dram on top 


of the gauze 

Tonporary eftieroslomv tii nmoiat of co-cat fyoicfhs — This may be 
a wise precaution where the operation has been earned out m one 


stage m the presence of some degree of obstruction, as shown by 
distension of the ileum with fluid contents, or when the surgeon for 


any reason is not veiy confident about the sutunng A catheter 
may be placed in the ileum about a foot abo\e the anastomosis, using 
the same technique as in jejunostomj Or the phn indicated in 
Fig may he adopted IfthcfirstmcthiHlisemplovcd tliecatheler 
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may be removed at the end of a week or ten davs when this tV'Pe of 
enterostomj usuaUj closes spontaneously In the other plan the 
hstula ma> heal naturallj or it ma> have to be dehberately dosed at 
the end of two or three weeks or sooner if the discharee is \ erv linuid 
and troublesome ‘ 

Tran^erse colon — This part of the bowel has a simple blood supph 
a IjTnphatic area which is but little invaded except m the vucinitv of 
the grow'th and a long mesentery which allows free movement and 
easy approximation The onlv difficult} lies in the presence of the 
great omentum but the part corresponding to the bowel to be excised 
should be taken awaj with the growth The omentum b} the side 
of the divided bowel should be separated from the colon b} the 
Lardennois Pauchet method for a short distance as this faalitafes the 
anastomosis At least 3 in of bowel on either side of the edge of the 
growth should be removed 

An mcision is made through the mesenterj as near to the gut as 
possible at the point of section and extended towards the root of the 
mesocolon to mclude a V shaped area The mesentery is doubly 
caught in large artery forceps and is divnded between them All 
bleeding points being secured the colon is doubfv clamped at the 
agreed line of section and divided The «ame course is followed on the 
other side of the growth 

The two clamps controlbng the ends to be sutured arc WTapped 
m moist gauze swabs and put aside for the moment 

The segment to be resected is now held only by the gastro-colic 
omentum The great omentum is divided by vertical incisions 
extending from the point of section to its free edge on both sides 
and all bleeding controlled For this purpose strong artery forceps 
with good holding surfaces should be employed and hgatures should 
be tied hrmJy and sJonl) tn dimwish the nsX oS retraction of the 
bloodvessels The gastro-cohc omentum is then tied oft by trans 
fixion close to the greater curvature of the stomach but preserving 
thegastro epiploic v e«sels Thcclampsholdingthedistaland proximal 
cut ends of the bowel are approximated ind an end to*end axial 
anastomosis made The gap m the mesentery is closed and the 
operation completed by sutunng or ligatxuing together the tw o portions 
of what IS left of the great omentum and gastro-cohc omentum 
Splenic flexure and descending colon — ^The res>ection of this portion 
of the colon is the most difficult qf all Partial or complete intestinal 
obstruction is often present (in 60 per cent of cases) and resection 
can be undertaken only after the obstruction has been reliev cd by a 
prelmunary operation The fl-xure is situated hiqh up under the nbs 
in the left hypochondnum it rarely lias a complete serous investment 
it IS m close relation with the spleen and left kidnev and is retained 
in position by a strong costo-colic ligament In addition it is often 
fixed by adhe«:ions ari<?ing from the growth The latter is generalJv 
of the scirrhous constnetmg ty^pe and lymphatic metasta-is is 
It is m these cases that a panetal inasion directly over (he growin 
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IS invaluable When, as the result of previous exploration, the 
surgeon knows exactly with what he has to deal, an obbque incision 
about an inch below the costal margin and not less than six inches 
long, will give an admirable exposure Otherwise a cross cut may be 
made from a vertical incision (Fig 477, a ) 

Owing to the absence of a complete peritoneal coat, the difficulty 
of getting the ends together without tension, and sometimes doubt 
about the adequacy of the blood supply, these cases are not so suitable 
for local resection and end-to end anastomosis, and it is unlikely that 
there will be room enough for lateral anastomosis which requires a 
considerable overlap The secret of success is really adequate mobiliza* 
tion and the removal of much ‘more bow el than the pathological state 
appears to indicate The ideal operation is to resect all that part of 
the intestine supplied by the left colic artery, with its mesentery and 
lymphatic drainage system, up to the ongm of the artery', and to 
restore continuity by anastomosing the left end of the transverse 
colon to the upper end of the iliac colon, either by the axial end to end 
or the lateral method This may be greatly facilitated by freely 
mobilizing the iliac colon, especially at its upper end where it is often 
bound down, by dividing the peritoneal reflection between it and the 
postero lateral wall of the abdomen It is in these cases that a pre- 
liminary ciBcostomy is so great a safeguard, and it if has not been done 
before, it is wise to make a valvular opening into the cxcum at the 
conclusion of the operation A rubber drain to the surface from the 
site of the anastomosis often saves a disaster Tlicse cases may be 
complicated by direct involvement of the surrounding viscera, but this 
IS not necessarily an obstacle to successful removal This aspect of the 
matter is illustrated in Figs 475 and 488 

Sigmoid flexure or ihac colon —Resection of a growth in this region 
is comparatively easy The flexure has a long mesentery', it is easily 
mobilized, it has a complete peritoneal investiture, and the growths 
tend to be of the constncting type without adhesions or extensive 
lymphatic involvement The only difficulty anses from the appendices 
epiploica, which may interfere with the accurate coaptation of the 
serous coat After prelimimry mobilization, -if this is necessary, 
af/owing f/ie iTcxure to be weff vvit/ufrawm /rom the abdomen, the 
procedure followed is simple excision with end-to end axial anastom- 
osis 

There are those who recommend lateral anastomosis here, on the 
ground that leakage is less likely I-ateral anastomosis has, however, 
two disadvantages (1) it needs a greater length of gut and therefore 
reduces the amount that can be removed, and (2) the proximal blind 
tnd may become distended and may' ulcerate and even perforate 
I ockhart Mummery', who is a firm advocate of end to end union in 
the colon, considers that leakage is due to sloughing of the edges of 
the bowel where they are stitched together, and that this results from 
the circular type of arterial distnbution to the wall, and can be 
obviated by cutting the bowel at an angle of 45® to its transverse 
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diameter Oreal care should also be taken not to seclude obrious 
vessels With the sutures, and the whole anastomosis should be protected 
by neighbouring appendices epiploic® which should be fixed here and 
there over the suture hne (Fig 460 ) A preliminary colostom\ or 
cacostomy is a great safeguard In every case, at the conclusion of 
the operation a tube should be passed through the anus into the 
rectum and fixed with a stitch to the anal maigm 

Pelvic colon —Removal of growths from the pelvic colon may he 
very difficult The grow'ths whatever the type, tend to involve the 
lymphatic glands which may be invaded up to the ongin of the infenor 
mesenteric artery There may also be extension to the pelvic pen 
toneum to the bladder or to the female pelvnc organs Sometimes 
fixation IS merely inflammatorj', but m that case separation from the 
bladder or vagina ma> demand the greatest patience Resection 
should only be contemplated after prehminary colostomy, quite apart 
from any question of obstruction sufficieot to demand that operation 
WTien the growth is very low in the pelvis an inguinal colostomy will 
suffice but for those more highly placed transverse colostomy is 
indicated 

Unless the degree of obstruction demands blind colostomy, a 
deliberate exploration should be made at the same time as the bowel 
IS drained For this purpose an independent mid line incision should 
be employ ed The oblique incision required for left inguinal colostomy 
can be enlarged and. used for exploration but incisional hernia in 
variably follows, so that finally the colostomy’ comes to be perched 
on the summit of w hat may be a v entral bemia of considerable size 

\Mien the exploration discloses local extension of the grow th to the 
peritoneum or surrounding parts only the experience of the surgeon 
can enable a decision to be made concerning prospects of further 
intervention In many cases where there has been doubt of the 
nature of the mass it has subsequently turned out to be inflammatory 
The interval between the colostomy and the further mtenention will 
depend on the degree of improvement m the patient's condition 
Dunng the waitmg penod the lower segment of the bowel must be 
adequately cleansed but the growth should not be imtated, or stunu 
lated to activity, by too vigorous interference, as physiological rest 
is important 

\\ffien resection can be done the distal end is always short, and 
tends to be difficult to handle, owing to contraction and retraction 
There is a choice of four methods of dealing w ith the gut after resection 
(1) End to-end anastomosis by direct suture , (2) end to-end anasto 
mosis by invagination , (3) making an artifiaal anus by fixing the 
proximal end to tlie abdominal waU through a separate incision 
combined with closure and infolding of the distal end . and (4) maknng 
an artificial anus with removal of the lower end, including the 
and anus (abdommo-penneal) The type of operation can only w 
deaded on after opening the abdomen, and depends upon the e^cnt 
of the disease the^ accessibility of the lower end, and the degree of 
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mobjlizntioii of the sigmoid and descending colon w hich can be secured 
In nil cnses where end to-end anastomosis is contemphted the 
peculiarity of the circulation between the superior hemorrhoidal 
artery and the inferior sigmoid artery must be borne in mind (Fig 487) 
In abdomino perineal operations where the whole of the intestine 
below the colostomy is to be removed it is safe to tie the inferior 



Fig 487 — Blood supply oC iluc and pelvic colon 
a Inffrrioc mrsrnCerie an ry i loll rol c vlrry t *;TDollbra olm d luporior turilKirrbnl Ul artor] 

mesentenc artery immediately below the left colic brancli (Hamilton 
Drummond) 

Lnlereciomy utth direct end to end anastomosis — Spinal anTSthesia 
or combined spinal and general anxsthcsia is a great help as complete 
relaxation is essential The patient is placed in the high Trendelenburg 
position and the abdomen opened in the middle line by an incision 
extending from the umbilicus or above it to the sjmphysis pubis 
The middle line is chosen because it gives tlie best exposure of the 
lower end of the colon Die growth is examined and the scope of the 
operation determined The intestines having been packed upwards 
under swabs the first step consists in a coIo panctal mobilization the 
peritoneal reflection from the colon to the posterior pehic wall l>cmg 
divided parallel with the gut for a suflicient distance to permit of the 
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intestme being dnrnn up to or through the incision This mav be 
extended so far as to free the lotier part of the descending colon 
which is then wiped inwards untd the middle line is reached In 
doing this the ureter ma> be freely exposed and must be safe- 
guarded sometimes both ureters are seen As soon as the extra 
pentoneal tissue has been exposed the finger should be introduced 
behmd the meso colon and genUj thrust backwards into the hollow of 
the sacnim Prom that position gentle manipulation and fon\ard 
pressure with the finger frees the bow el in a wonderful waj and enables 
It to be straightened and drawn nearer the surface Tlie mfenor 
mesentenc arterj is then defined a matter of no great difficult\ if the 
gut IS w ell mobilized and the mesentery not too loaded w ith fat It is 
tied immediatel) below the first sigmoid branch The low er ends of the 
colopanetal incisions are connected bj a cross mcision through the 
pentoneum co\enng the intestine below the growth In very low 
growths this connecting mcision may encircle the whole of the Attorn 
of the recto \esical or Douglas s pouch If tins has not alreadv been 
done the «ection to be remoi ed is now freed from its attachments in 
the concavity of the sacrum b> fingers thrust in behind if If there is 
room a clamp with a slight curve ma> be apphed to the bowel before 
division but in many low growths this is not possible If steps have 
been tahen to cleanse the segment of bowel below the coIostom> and 
to empt} the rectum the omission of the clamp is not a serious rtntter 
Sometimes the growth is so near the bottom of the recto v esical poudi 
that the bow^el cannot be divided where it is covered with pentoneum 
In that case* the mobilization ina> be earned on nght dovrn inside the 
levatores am muscles until the bowel can be divided a sufiicient 
distance below the growth entirely extra pentoneaUj In anj case 
the surgeon must take care to make the division strictl} horizontal 
WTien w orking deep in the pelv is the best plan is to open the anterior 
part of the bow el w ith a pair of scissors and then carefulf) cut tfu-ough 
the w all section by section This provides an opportumtj for remov mg 
an> fluid from the low er end b> the suction apparatus or hy gauze 
sw abbmg Solid contents may be pushed down into the rectum w ith a 
strand of gauze This strand should not be withdrawn upwards but 
should be retnev ed from the rectum at the conclusion of the operation 
As. the ujvper end of the bowel is freed it maj be caught m an angular 
holdmg clamp but the edges of the rectal end must be caught with 
catch forceps or guide sutures here and there as the division proceeds 
A few spouting vessebi will have to be caught and tied The cut ends 
are protected and the mass draw n out of the abdomen The upper line 
of section IS now decided upon and the gut is controlled bv aclampand 
divided all bleeding pomls being Ued Traction sutures are ph^ 
on the lower end the surgeon waiting for a time to see « he cut edge 
bleeds m order to satisf) himself of the adequacy of the blood supply 
If the low er end is sufficiently accessible a direct end l^end anaslotrosis 
bv double-suture Ime may be earned out the rnethod being in no way 
different m plan from the ordinary end to-end anastomosis 
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■^Vhen the lower end is below the ie\el of the pentoneum, access is 
exceedingly difficult Small round, full cun ed needles used with a 
holder are essential The postenor part of the union should be made 
with mattress sutures, the remainder of the arcumference of the 
bowel being united by a contmous stitch If this is too difficult to 
apply, or there is disproportion m the size of the ends a few interrupted 
sutures may secure fair apposition This first layer must then be 
buried by further sutures passed Lemfaert-fashion despite the fact 
that the lower end is often without pentoneum After the union is 
completed it may be possible to provide further protection by drawing 
some of the pelvic cellular tissue or the pelvic pentoneum up to the 
bowel and fixing it by a fe\v points of suture about the anastomosis 
It IS essential that a thumb-sized rubber tube should be passed up from 
the anus to beyond the anastomosis and it is alw ays w ise .to bring 
a rubber dram from the pelvis up out of the low er end of the abdominal 
incision If there has been much risk of soiling from the bow el or if the 
suture line is obviously insecure, it is better to pack the cellular tissue 
of the pelvis the suture line being protected from actual contact with 
the gauze by strips of nibber tissue This pack must be left for at least 
four days and should only be removed piecemeal Working at this 
depth, the union can seldom be accurately made and it cannot be 
expected to be w atertight For this reason the operation should ncN er 
be attempted in one stage and indeed is scarcely advisable except with 
the protection of a preparatory colostomy Nevertheless the union is 
often entirely satisfactory though a temporary ffecal fistula may occur 
The tube should be removed from the rectum at the end of a week, but 
no attempt should be made to close the colostomj until the abdominal 
incision is soundly healed, and this will probably be from four to six 
vv ceks after operation Tins operation is a serious in terven tion w Inch has 
been attended by a considerable mortality but m cases that recover 
the after results are good and rectal function is completely restored 
Unfortunately, few deep pelvic growths are sufficiently localized to 
lend* themselves to this method of upper conservative resection 
Auaslomosis by imagttialton — If the lower end is considered too 
short or too inaccessible to warrant an attempt at end-to end suture, 
this second alternative may he adopted The steps arc the same as 
in the preceding operation up to the stage of anastomosis At this 
stage a thick-wallcd rubber tube, | to J in m diameter and 1’2 in in 
length, IS firmly sew n into the upper end by catgut sutures The anal 
sphincter is stretched and a pair of ovaim or similar forceps is passed 
up the rectum from the anus and enters the field of operation through 
the lower cut end The free end of tlie rubber tube is seized by' tlicsc 
forceps and guided into the open lower end, the edges of whicli arc 
steadied bv temporary traction sutures By pulling on tlie tube in 
withdrawing the forceps, the upper bowel end is approximated to the 
lower, .md when they meet they are sutured together with a few stitches 
of catgut A purse string suture is then loosely applied round the 
low er bow el end 1 m from the cut edge, and further traction made on 
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manner the upper end is made to mvagmate 
into the low er . the purse-strmg is tied, and the union further streneth- 
ened by a senes of interrupted Lembert sutures The tube acts as a 
splint and also as a channel for the passage of flatus and fscal 
^tenal it is left i« si/« until the catgut sutures have absorbed 
This method, though it appears simple and satisfactorj* is not really 
easy to carry out As a rule the lovver end cannot be made to invert 
and the pnnciple of intussusception often fails The operation was 
originated by Rutherford Monson of Newcastle, and appeared to 
hold out great promise but in practice it has not fulfilled these ex- 
pectations and is now verj seldom employed Nevertheless, I believe 
that with a defunctiomng colostomy it might suffice to approximate 
the bowel ends by means of the tube and to anchor them together 
with a few stitches here and there but without any attempt at mv ag- 
ination If gauze w as then packed round about the area and brought 
out of the lower end of the incision, healmg would probably prove 
satisfactory’ 

In some cases the other alternatives may have to be adopted The 
upper end may be fixed to the abdominal wall through a separate 
opening m the left inguinal region, and the lower end either sutured 
over and left behind or removed altogether, with the rectum and anus 
The latter method is identical w ith the aMomino penneal operation 
for excision of the rectum (Vol 11 ) 

Permanent colostomy with closure of the lender end — The steps are the 
same as in the last operation up to the point where the growlh has 
been cut away If an inguinal colostomy has been made, the whole 
of the bowel below should be removed If, on the other hand, a 
transverse colostomy or a cjecostomy has been the preliminary 
intervention, a separate incision is made m the left ihac fossa as for 
mgiunal colostomy, and through this the open upper end of the 
bowel IS drawn and fixed to the edges of the wound This open end. 
which wall form a permanent artificial anus, may be temporarily 
closed, m order to prevent infection of the wounds by fecal extratasa- 
tion, or a Paul s tube mav be tie<l in and immediate drainage instituted 
The low er end is then closed by a double lay er of continuous suture, 
the inner layer passing through all the coats, the outer lay’er (sero- 
muscular) being used to burv the inner The stump is then buned bj’ 
sewing the peritoneum of the pelvic floor over it Sometimes it is 
difficult to close this lower stump on account of its depth m the pelvis 
or the obesity of the patient In either event it mav be partially 
closed though not completely tucked m or ov ersew n In any case it 
IS essential to drain the rectum with a laige tube through the anus 
Probably a safer method is to pack iodoform gauze into the open 
rectum, one end being allowed to protrude from the anus 
possible the pelvic pentoneum is sutured over the game but tws is 
not essential, though when it cannot be done the omentum should b 
packed into the pelvis over the gauze At the end of 
the anus should be iiell dilated The gauze is remosed piccemial, 
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commencing about the fourth day and ending by the seventh day 
This method has frequently been emplojed and is quite reliable 

GROWTHS INVOLVING OTHER VISCERA OR 
THE PARIETES 

In all such cases the final decision whether a radical removal can be 
undertaken vail depend upon a preliminary abdominal exploration 
If evidence of distant dissemination is absent, then no degree of local 
extension should deter the surgeon from at least considering the 
possibilities of removal This type of case demands multiple-stage 
intervention but whether that must take the form of a prelinumrj' 
colostomy or an anastomosis will be decided by the degree of obstruc- 
tion and the situation of the growth The improvement which may 
follow such a prehminaiy intervention is the best guide to the probable 
success of the major operation Where the abdominal w all is directly 
invaded by an extension of the growth an elliptical portion of the 
whole thickness must be excised and care must be taken to secure a 
sufficient margin of healthy tissue beyond the edge of the growth It 
may be difficult to repair the defect in the panetes completely but 
every endeavour must be made to provide at least a skin covering, 
even if it is necessary to raise a flap for that purpose A considerable 
part of the wound may have to heal by granulation, and an incisional 
hernia will probably result, but that is the price tlie patient may have 
to pay for the chance of freedom from recurrence Wlien the small 
tntesUne is involved it is usually best to excise the affected coil com- 
pletely together w ith the colon grow th. restoring continuity by end-to- 
end suture Wlien, on the other hand, the growth is involving some 
other portion of the colon by direct extension it may be perfectly 
safe and efficient to cut out a portion of the wall of the bowel to which 
the growth is adherent Tins may leave a lai^e window, but it can 
always be safely repaired If the extension is to the lateral aspect 
of the large bowel or impinges on the mesentery, then nothing but a 
resection of the involved portion will suffice The same considera- 
tions apply when the siomach\% the organ involved, and it will seldom 
be necessary to do a cuff resection, for quite a large portion of the 
stomach w all may be excised and comparatively easily repaired WTien 
the spleen is concerned it is mucli wiser to excise the whole organ to 
gather w ith the grow th In the case of the kidney it is sometimes quite 
satisfactory to incise the capsule well away from the point where the 
growth IS adherent If the capsule can then be readily stripped from 
the ktdnty it is good ev idence that the remov al of the adherent portion 
of capsule is all that is necessary ^V^len, on the other hand, the capsule 
w lU not strip, the kidney should be remov ed w ith the mass Grow ths of 
the hepatic flexure sometimes involve the gall-bladder which can be 
excised with the tumour WTien the liver is directly invaded the 
afTcctcd portion may be removed by wedge-shaped excision, but if 
only the extreme edge i5 involved then it may^ suffice to slice off the 
affected jHirtion (see p 772) With the pduc inscera the difficulties 
32 
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may be greater for there is a tendencj for the peritoneum of the 
pelvic will to be in\ olved over a considerable area But e\ cn in these 
cases It IS often possible to remoac all the affected parts though 
restoration of the continuity of the bou'el ma} ha\e to be omitted a 
permanent colostomy being substituted 

Cases compheated by tcstco-tnleslinal fstula are especiall} difhcult 
as it IS nccessaiy to excise the portion of bladder surrounding the 
actual fistula Those situated high up on the postenor surface of the 
bladder can usually be managed To make a clean sweep an area of 
bladder wall about half an inch on all sides of the fistula must be 
removed Tlie bladder is opened at a convenient spot and the suigeon 
carefullj cuts out the affected portion using the scissors or diathermj 
knife Sometimes the bowel growth is so bulkj that it compIeteK 
obscures the site of the fistula In these circumstances it is best to 
separate the growth from the bhdder and with tins out of the waj to 
deal with the htter unimpeded Though this plan is not ideal it imv 
be the best method of completing the operation The defect in the 
bladder must be repaired by catgut sutures taking a good hold and 
penetrating all but the mucous membrane After these opcntions a 
catheter must be left m the bladder methram and the pelvis should 
be drained w ith a nibbcr tube the patient being miivxl m the I owier 
position for the first few dajs 

Many of these extensive multiple resections do well the p.ilicnts 
surviving m comfort for years (Tigs 475 48S) 

Results —Many factors influence the results of operations for cancer 
of the colon and like all interventions for inlra abdominal malignant 
disease the immediate mortality is often a reflection of the risk the 
surgeon is prepared to take m the hope of conferring the maximum 


benefit on his patients 

MTien the disease is complicated by obstniedon the mortalitv is 
very considerably diminished by intervention in stages So much 
does this applv that I am always glad to have an excuse for carrying 
out preliminary bow el drainage and completing the excision at another 
stage Growths that have invaded the panctes or ncighlxnmng 
V iscera are alw ay s more difircull to deal w rth but giv cn a patient w ho 
has been adequately prepared even multiple resections are not in 
them'iclves especially dangerous UTiatcver the method emplov'ed it 
IS necessary to exercise punctilious care in carrying out the operative 

detailsandthewholemtervcnlionmustboconductcil under theguidance 

of the eye It is significant that those cases in which the growth 
has been complicated by abscess formation often do extrcmtly well 

Up to the end of 1031 I had operated on 279 mih{,nant ca^s m 
1G5 the growth was excised with an over all mortality of 18 per ctnt 
In 107 cases operated upon smee 1**I9 the mortality was It }>er cent 
In 147 continuity of the bowel was ^e^to^ed ami in IH after re- 
section the patient was left with colostoma Uie series lncltid«l 
manv ilouble and complicatevl resections . . . , „ 

I w as able to rev lew ll** of the after histoncs 11 dial of recurwice 




Fig. 488. — Carcinoma of the colon (a) inTolTing a loop of jejunum (n) and a portion 
of the stomach (c). A two-stage operation, with triple resection and restoration 
of continuity, was followed by complete recovery. The man enjoyed good health 
for three years, and then died from another cause, without recurrence. 

{KtfnJitetiS ^ t**miut»nfrom ThtlAiCfl ) 

within S years, and 64 were alive or had died without recurrence at 
periods up to 15 years after operation. In Lockhart Mummery’s 
series, 41 cases wore operated upon more than 5 years previously and 
of these 20 were alive and free from rectincncc. Out of 42 cases traced 



964 


OPERATIONS ON THE COLON 


by Sir Charles Gordon ^Vatson 15 were alive and \\eUo\er 5 vears Tlie 
Ma>o Clinic estimates that 60 per cent of those sur\iMng the radical 
operation will be ali\e and well 6 years later 
An average mortalitj of 32 to 15 per cent probablj reflects the 
results of anj group of expenenced surgeons today If that could 
be reduced to 5 per cent in a considerable senes including all parts 
of the large bow el and all types of case then it w ould certaml> represent 
the acme of judgment and perfection of technical skill Some surgeons 
ha\ e attained even better success in fortunate runs of operations but 
they are unlikely to continue to enjoy such comforting rewards as the 
number of their cases increases I have more than once set out with 
the determmation to carry out a century of colectomies without a 
death but after encouraging runs of successes one or more deaths 
sometimes consecutive have marred the record and I have never 
attained ideal Probablj' the extra abdominal method is the safest 
so far as immediate results are concerned but there are operable ca-^es 
for which It IS not suitable and in a good many cases the after result 
IS spoilt hy local recurrence in the abdominal wall Some indication 
of the operatne mortahty is furnished by the following figures — 
Gordon Taylor had a senes of 126 extra abdominal excisions with 
only 5 deaths C F Duon of the Mayo Qinic reports a mortality of 
from 8 to 12 per cent but several of the operations were for non 
malignant conditions 


TOTAL COLECTOMY 

This operation is verj seldom indicated and is now infrequenti) 
performed Multiple malignant growths polyposis multiple injunes 
such as may occur in warfare and certam congenital anomalies (like 
mega colon which has not responded to Sionpathectom}) may all 
require complete removal of tbe colon Jt would al o seem rational 
to consider the operation in those very acute vaneties of ulcerative 
colitis in which the whole of the large bowel is involved and life is 
senouslj threatened It may be earned out m one or more stages 
and the general condition of the patient the necessitj for bowel 
drainage and the disclosures of an exploration will determine which 
method is to be employed In any event the operation is of con 
siderable magnitude and in all cases a careful watch must be kept on 
the blood pressure so that suitable measures may” be adopted to 
anticipate shock For the actual excision it is necessary to have a 
sufficient exposure and usually a mtdhne or left para median incision 
extendin'' from an inch or more above the umbilicus dowm to the 
pubes IS satisfactory The first step is to deal w ith the great omentum 
which should be preserved whenever possible In malignant growili 
in the transverse colon or at the flexures the part of the omentum m 
relationship to the neoplasm must be excised In other ca^s the 
omentum should be turned up ^d its avascular ottodimen to the 
colon completely divided with the scalpel close to the bowel It s 
ne'^t neccLrj 'to mobUtte the colon bj dniding the membranou 
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bands and adliesions on its outer side. These are much more fully 
developed about the c;ecum, hepatic flexure, splenic flexure and 
sigmoid, and they should be systematically and freely divided under 
the guidance of tlie e5’e. When there is no question of malignant 
disease, the division may be made close to the bowel in order that the 
exposed retroperitoneal .area which will be left may be as small as 
possible. In many of the bands there are r'essels, and though none of 
these may indMdually account for much hamorrhage, in the aggregate 
a considerable loss of blood may occur unless they are caught and 
ligatured. It is therefore best to clamp the bands with artery forceps 
before dividing them and to take care to apply ligatures in every case. 
After mobilization in this way the colon can readily be separated from • 
the extrapentoneal tissue by gauze stripping and thrust gently towards 
the centre of the abdomen. This having been done, the next step is 
to divide the mesenteries and secure the vessels. These structures 
may be dealt with before the bowel is cut across, or the div'ision of 
the ileum may be regarded as the most convenient method of approach- 
ing the mesentery, from which point the control of the vessels may be 
commenced In thin subjects the first method is quite easy and 
satisfactory but the mesentery of the corpulent may be more safely 
approached by the second plan. 

It is not necessary to detail the various methods by which the 
vessels may be secured, but it is important to emphasise the risk of 
overlooking a vessel which, when divided, may quickly retract and 
bleed. Every bit of mesenter>’ should be included in the ligatures and 
a sharp look-out must be kept for what may appear to be tiny vessels 
which might escape. If the method of transfixion is used care must • 
be taken not to puncture vessels The instrument used for transfi.xion 
should have a hluuV point and should bo made to worm its way through 
the mesenterj’ rather than be quickly thrust through. The mesentery 
may be caught and divided close to the bowel, but the amount of 
tissue to be ligatured can be diminished by securing the vessels some 
little distance away from the edge of the bowel. MTren the mesenteiy 
is very fat, vessels easily retract and in that way escape ligature : to 
avoid this accident the tissues should be cut at least half ‘an inch 
beyond the point at which the ligature is to be applied and it should 
be securely tied before the artery forceps or clamp is removed, though 
the latter should be carefully loosened in order that the ligature may 
secure a better bite If ha^matomas form in the mesentery they must 
be investigated at once. 

Mlien tlie second method is adopted, the ileum is divided about six 
inches above its termination and, having protected the open ends, the 
surgeon proceeds systematically to clamp and divide the mesentery 
right round until the sigmoid is reachcrl. Tlie amount of sigmoid to 
be removed will depend on the pathological condition but, generally 
speaking, the more sigmoid that can be preser\'cd the better will be 
the functional result. The vessels having been carefully ligatured and 
all potential sources of bleeding sj'stematically considered, the con- 
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tinuitj of tha bowel can l>e safelj restored In niakinj, an i\u! 
^astomosis between the open end of the ilenm and the sigmoid 
ims should present no difficulty and is certami} as safe and satb 
factory as a lateral or side to side union If the htter has already 
been made at a first operation then it is only necessarj to dmde the 
ilei^ and sigmoid and securely tuck m the ends care being taken not 
to lea\e long blind cul-de-sacs be>ond the point of the anastomosis 
If a prehmmar^ aecostom^ or colostomy has been made then the 
first stage of the intenention should take the form of a rough closure 
of such an opening This can be done bj making an incision through 
the skin around the fecal fistula about i in from its margin and tlien 
undercutting the skin to form a fringe which can be tightU sutured 
o\ er the fistula This having been done the adjoining bowel must be 
freelj separated from the panetes and returned to the abdomen after 
which the operation is conducted as in an ordinary case The defect 
left at the site of the cajcostom\ must be sutured in lajers either there 
and then or as a last stage m the operation \Mien the anastomosis 
has been completed all area* denuded of peritoneum should be coaered 
as far as possible No slaiish attempt must be made to drag parts 
together at great tension and especially does this apply to tlie cut 
mesentery mth its \ esseZs If pentoncal edges csjinot beapprOMmatecI 
thev can often be partially drawn over bare areas and then fi>:ed to 
the posterior abdominal wall with an odd stitch here and there a 
last step the omentum should be.drawn dow n oa er the small intestine 
The abdomen is closed w itbout drainage 
Arbuthnot Lane used to lay stress on the importance of passing a 
tube from the anus up through the anastomosis into the small mtestme 
but this is often difficult to accomp!i<h and of doubtful advantage 
But It IS useful to Iea\e a tube through the rectal sphincter to guard 
against the accumulation of flatus 
In operations for ulceratire cobtis it is important to remember that 
the ulcers are multiple and that \er\ often Uiey are on the point of 
perforation 'o that any but the gentlest handling may precipitate 
this calamity Total colectomy has sometimes been recommended for 
the very acute ty^ie of this disease In these circumstances the ileum 
must first be di\ ided the upper end being fixed in the wound as an 
ileostomy The large bowel is then removed as already desorbed 
Pre\ lous ina estigation w ill have disclosed the condition of the rectum 
and lower sigmoid NVhen the disease is not very well marked m 
these parts the divasion should be made about the middle of the 
sigmoid so that at some subsequent time the ileum may be united to 
this part of the bowel to restore the continuity of the canal Am 
residual ulceration in the sigmoid or rectum wall probably heal as the 
result of physiological rest and in any event can be suitably treated 


ier rcchim , . ,1,. 

Appendicoaomy aims at pronding a readj means of imgating me 
colon and has from tune to time enjo>cd much 
treatment of cohtis Among careful surgeons the method i, teco„ni2cd 
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as a useful adjunct in the management of this troublesome disease 
{For technique, see p 897 ) 

Multiple polyposis may be attended with so much, or such con- 
tinuous, hremorrhage from the bowel that there is intense antcmia 
If this does not respond to preparatory measures, including, of course 
blood transfusions, it is essential that the operative treatment should 
be earned out in stages first, a ciecostomy or, m very bad cases, 
terminal ileostomy After the full benefit of physiological rest has 
been secured, which will only be after some months, the second stage 
may be earned out This consists of removal of the bowel from the 
point where the ileum was divided to the sigmoid The site of division 
of the latter will depend on the location of the polypi in the lower 
colon as determined by previous investigation As a third stage 
polypi within the reach of the sigmoidoscope are removed through 
that instrument from the remaining pelvic colon and rectum The 
fourth and last stage consists in the restoration of the continuity of 
the bowel This ma-i be done by making a lateral union between the 
ileum and the remaining pelvic colon a sliort distance above the 
ileostomy, but it is quite feasible to detach the latter from the abdominal 
wall and to make an end to-side ana«tomosjs IVhen the method of 
lateral anastomosis has been used, a fifth stage consists in the excision 
or closure of the ileostomy \Vlierc there arc great aggregations of 
polypi in the rectum and pelvic colon it may be necessary to remove 
those portions of bowel as in the abdomino-penneal method of excision 
of the rectum Tins w ould mean leaving the patient with a permanent 
ileostomy and only the gravity of the prospect of the development of 
malignant disease m the remaining polypi can justify such a step 

'Removal of single polypi. — These adenomata may occur m the large 
bowel above the rectum They are usually of considerable size, 
perhaps anything from ^ in to 2 8 in in diameter The larger pol> pi 
often have very short stalks and are almost sessile, in which case it is 
much wiser to excise the portion of bowel in which they arise, and 
this especially applies to those cases in which the growth is on the 
mcsentcnc side Ihe smaller polypi, on the other hand, usually have 
quite long stalks, and in these circumstances they may safely be 
locally removed Tlie portion of bowel in which the poKpus is ansmg 
is withdrawn from the abdomen, which is carefully packed off The 
lumen is then opened bj incision along the anti-mesentcnc border 
over the site With the incision in the bowel held well open, the 
poljpus and its attachment may be withdrawn from the interior so 
that the base is well exposed An ellipse of mucous membrane is 
then excised, together with the base of the stalk After the mucous 
membrane is incised all round, it will be necessary to appi} a ligature 
to the vessels entering the stalk and then to repair the bowel wall 
with a few mlemiptcd sutures, taking a good liold of the submucous 
tissue as well as the mucous membrane The outer aspect of the 
bowel opposite the jKunt of attaclimcnt must be inspected and if 
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^cessary protected by the insertion of one or two Lembert sutures 
The incision made into the bond for the exposure of the polypus 
must be repaired m the transy erse axis so that there can be no question 
of tljmjnishing: the Jumen ^ 

Tuberculosis.— The only condition m which operative interference is 
likely to be called for is in the so called massive tuberculosis of the 
crecum This is sometimes assoaated wath chronic intestinal obstnic 
tion while in other cases the symptoms are more of local inflammator> 
trouble often with sinuses or fistuhe over the site of the disease 
In either case the patients are often in poor condition None the less 
the disease is usually localized and the results of surgical remo\al 
have been encouraging It is most important that the patient should 



Fig 489 — Incision tor remoral of czeum for (ubercufos $ 

be properly prepared by attention to sepsis and anxmia In most 
cases a two stage intervention is best and this should take the form of 
a prelimmai) short circuit AMicn there is no marked obstniction tlie 
ileum should be divided above any obvious disease usually about a 
foot awa> from its termination The lower end is completelj cIo>ed 
while the proximal end is joined to the colon be\ond the hepatic 
flexure by the end to side method On the other hand if the ileum is 
much distended a lateral anastomosis to the colon is safer 

Occasionally so much benefit follows the relief of the obstnictivc 
symptoms that further intervention is not indicated ^\'hen there is a 
considerable mass especiallv if associated with outbursts of pjrexia 
or there are sinuses or fecal fistula the best hope lies in a w ell plannwl 
excision For this second operation emphasis must }>e Jaid ‘ n tlit 
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advantages of an incision directly over the affected site (Fig 489), for 
only in this way is it possible to deal with the fixation under the 
guidance of the eye If there are sinuses or fistulie these should be 
excised with an ellipse of the abdominal wall which can be readily 
included in the oblique incision recommended As a rule the lymph 
nodes in the ileociecal angle are invadwi with tubercle and it is much 
wiser to remove them together with the bowel If an anastomosis has 
not already been made, the ileum should be divided about a foot 
above the cfecum and the ileocacal angle removed, together with the 
CJEcum, ascending colon and hepatic flexure In making the 
, anastomosis there must be no blind end to the ileum, as this is apt to 
harbour tubercle bacilli with the development of secondary fiecal 
fistula Direct end-to end union of the ileum to the colon is best, but 
if the ileum has already been divided and joined to the colon the latter 
should be divided and tucked in close to the anastomosis m order to 
av Old a cul-de-sac 

After operation it is necessary for the patient to hat e a long period 
of convalescence under the best conditions that can be provided so 
that any residual tubercular disease maj become quiescent and 
eventually heal This period has to be counted m months, rather 
than weeks, and six months to a year is certainly not too long for 
the purpose 

Impaction of foreign bodies.— The only foreign body likely to be 
met with IS an impacted gallstone, and this is exceedingly rare When 
It does occur it is nearly always m the sigmoid, but calculi so enormous 
as to become arrested in the transverse colon have been known • In 
some cases the condition has been diagnosed as obstruction from new 
growth and has been treated by c.'ecostomy, which is probabl> the 
best thing that could happen Tor the actual removal of the calculus 
an incision has to be made along the longitudinal band over the site 
of the gallstone, and this should be Jong enough to allow the calculus 
to be removed without damaging the wall of the bowel Tins incision 
must then be sutured in the opposite direction in order to dimini<!h 
the narrowing of the bowel v%hich might otherwise occur 

Partial colectomy for diierliculitis. — MTien this is required it is 
usucdly the sigmmd or pelvic colon which, is affected Tlie operation. 
IS undoubtedly much safer if it is done as a second-stage intervention 
after preliminary bowel drainage and, usually, colostomy of tlie 
disfiinctionmg type The technique required is in genera! tlic same as 
m operations for new growth but is often a great deal more difficuU, 
for there is usually much more local inflammatory fixation which 
complicates the mobilization Small abscesses may also be encountered 
It IS not necessary to make any wedge-shaped excision of the 
corresponding mesentery, although it is well to remove enlarged 
lymph nodes which might harbour infection Die actual anastomosis 
should be earned out at a point free from diverticula but this is not 
always easy to determine, especially when the colon is loaded with 

•CfryTuroCT BnLJvurH Surf J9y* Vo 77,xx,2« • 
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fat In these circumstances it is a good plan to dissect auay the fat 
from about half an inch of either bowel end this may expose hidden 
diverticula Should a diverticulum be encountered when making the 
divasion of the bowel great care should be taken to remove it before 
the bow el is sutured This may entail a considerable dissection and 
may lead to some irregularity m the margin of the bowel but this is 
of much less moment than the nsk of leav mg part of the lumen of a 
div erticulum exposed to the peritoneum The anastomosis should be 
most carefully protected w ith the adjoining appendices WTien there is 
a communication with the bladder the bowel is separated from that 
viscus and the fistula closed by suture Tins may not be easy on 
account of inaccessibility or because the bladder wall is too much 
indurated about the margins of the fistula. In these circumstances the 
aperture may be plugged w ith omentum or neighbounng fat fixed bv a 
stitch In anv ev ent the bladder should be drained by catheter and the 
pelvis by a tube It is wise to pass a large tube through the anal 
sphincter and leave it i« stlu for at least four days During this time 
the patient should be nursed in the Fowler position 
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OPERATIONS FOR APPENDICITIS AND 
PERITONITIS 

By G GREY TURNER 
I APPENDICITIS 

Inflammation of the appendix vermiformis is responsible for the large 
majority of acute abdominal conditions and in its subacute or chronic 
phases it ma> give rise to manj forms of ill health The usual tcndenc) 
m appendicitis is tow ards recurrence Betw een attacks patients may be 
perfect!} well ormaj suffer m\anous wavs eg indigestion abdominal 
pain chronic toxoimia As the result of recurnng inflammation a 
stncture maj form in the wall of the appendix leading to retention 
of secretion in the distal end or the walls max become thickened and 
the lumen stenosed Adhesions to neighbouring stnictures maj cause 
much trouble There is also evidence of some s} mpathj between the 
p}Ionc sphincter and the ileocacal xalxe and chronic mfiammation 
of the appendix maj have a causal relationship to pxlonc spasm 
and to duodenal ulcer • 

The appendix is also subject to certain diseases such as tuberculosis 
actinomjcosis and adeno carcinoma and maj besecondanh affected 
in pentonitis onginating elsewhere Threadw orms are not infrcquenth 
present in its lumen sometimes giving rise to a subacute txpe of 
infection and roundworms ma> cause acute gangrene Foreign bodies 
(such as shot or bristles) are found occasional!} and Heal masses arc 
common the latter po&sibl} determining perforation m some acute 
infections 

An acute appendicitis ma} follow several courses If drainage into 
the cTscum is satisfactor} the inflammation may resolve if there is 
indiflerent drainage the appendix ma} become distended xxith pus 
{emp}ema of the appendix) and burst causing gross infection of the 
peritoneum m the xacinitx or diffuse pentonitis Should the infection 
be ver} acute gangrene and sloughing of the appendix ma} occur or 
tlie vessels m the meso appendix may become thrombosed and be the 
cause of portal p}Tmia In a lc>s virulent infection tlie inflamed 
appendLxma} become wrapped momentum or w ailed ofT b} adhesions 
so that if an abscc>s occurs it ma} for a time at least be definitel} 
localized 

The anatomical position of the appendix has an important bearing 
on Its surgical management For the most part the organ lies in the 
sulcus on the outer side of the ca^cum In a certain proportion of cases 
It lies behind the cTicum so that the consequences of inflammation are 
apt to he hidden bv tint part of th« liowcl Wien there is siippunlion 
the ab ccs^ max extend bthii d the colon for a considerable distance 

Cif /mm Sn f 19< So 117 xtt I) 
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and ma> e^en come in contact Hith the second part of the duodenum 
into which It has teen known to discharge TVhen the appends hes on 
the outer side of the caicum and is directed upwards the infiammalon 
products ma 3 collect in the nght loin pouch (Monson s pouch) and 
maj impinge on the under aspect of the right lobe of the lirer or mai 
creep or er the upper surface of that oijan WTien the organ lies in the 
opposite direction it maj reach the pelvic brim or hang over it and 
may even touch the bottom of the recto vesical or Douglas s pouch 
In other cases it mav he along the ileum or it may pass up behind that 
part of the small bowel so that its tip points into the midst of the 
small intestine area 


A\Tien ansing in the pelvis the products of the inflammation ma\ 
localize there or maj o\erflo\v into the abdomen In the latter event 
thej tend to travel tia the sulci on the outer side of the colon either 
into the nght loin pouch or the corresponding position on the left 
side and from either situation the path to the h%er and spleen pouches 
IS usuall 3 unimpeded In other cases the infection maj directs invade 
the small intestine area from the peKis and when that occurs a general 
infection of the pentoneura almost certain!} foJiows General peri 
tonitis IS verj probable when the appendix hes in the small intestine 
area The base of the appendu is the on!} part of the organ which 
can be said to hase an\ more or less fixed position and is indicated bj 
McBumev s point 

The age of the patient and i/ie recurrence or olhemisc of prex\ou5 
attacks influence the course of the disease It is the usual cvpcnence 
that diffuse pentomtis is more common as the result of the first attack 
than of subsequent attacks and that if recovery takes phee from the 
first there will certainl} be recurrent attacks at graduaJl} shortening 
intervals Anj one of these attacks mat be severe but the gener’il 
tendency is for the «e\en<\ to decrease though the attacks become 
more frequent The influence of age ina> be summanred m the formula 

"ITie younger the patient the gra\er the disease (See p *>70 ) 

In children the appendix is relatitelj large and its walls are thin 
especiall} the submucosa so that perforation occurs rapidlv and there 
IS less tendenc> to localization partly because the appendix more often 
lies among the intestines in children than in adults and ab>o because 
the peritoneum is less resistant In addition to these facts the diagnosis 
of appendicitis and particularly the differential diagnosis is much more 
difficult in children 

Attacks of cobeky abdommal pain are common in earlj life yomiting 
is not infrequent and pyTCXia is an uncertain guide Children under 
10 years of age or so have little sense of localization of pam and all 
abdominal pain is referred to the umbilicus but intelligent observation 
wall discover that the most marked tenderness is over the seat of the 
appenchx Even in pelvic appendicitis tenderness can nearl> ahvavs 
be elicited low down bj the side of the nght rectus muscle andjittlc 
children will often accurately indicate the site of tenderness if tliej are 


encouraged to cough 
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Some of the most difficult problems are met \vith tn acute diseases 
of the chest, causing abdominal pain and ngiditj Attention was first 
drawn to these cases in Great Bntain hy the late H L Barnard, and 
the condition is now uell recognized and often discussed, but errors 
still occur The mistake used to be to overlook the chest complaint 
and operate for a supposed acute appendicitis Now, so much alive is 
even one to the possibilit> of error that the tendenej is to diagnose 
as acute chest conditions what are reallj acute abdominal conditions, 
and thus to miss the chance ofearlj intervention A rectal examina- 
tion ma^ be ver} valuable and is so important m children that no 
abdominal examination should ever be considered complete without it 

Among other conditions which must be differentiated from acute 
appendicitis in children are pneumococcal or acute tuberculous peri- 
tonitis, acute indigestion intussusception and other forms of intestinal 
obstruction, and Henoch s purpura An appendix abscess in a child 
ma} cau'ie flexion of the hip and lead to a diagnosis of joint disease 
The most difficult disorder to differentiate from chronic appendicitis 
m children is tuberculous disease of the mesenteric glands, but fortun- 
atelv the difficult) is of little importance as operative interference is 
usually indicated (Seep 1010) 

Aclte Appendicitis 

Indications for operation. — The view widel) held, that operations 
should be earned out as soon as an acute appendicitis is diagnosed, has 
ever) thing to commend it but, like all generalizations has been sub 
jected to much cnticism That the mortahtv of acute appendicitis 
increases steadil) with dela) m operating is undoubtcdl) true, and if 
all cases could be operated upon while the disease is still limited to the 
appendix or its immediate neighbourhood man) lives would be saved 
But man) cases are not seen until perhaps the severitj of the attack 
is beginning to decline, and it is then that difficulties in diagnosis 
occur and differences of opinion arise over proper management 

The hte Professor Sir David Wilkie of Edinburgh drew attention 
to what he considered the essential difference betw een acute obstruction 
of the appendLx, which is so likel) to lead to gangrene with its conse- 
quences, and primar) inflammations which often go on to resolution or 
to localized abscess He suggested tliat in the first group operation is 
imperative, while in the second the surgeon ma) often sta) liis hand 
until a convenient opportunit) Wflule this distinction is of much 
academic interest, it is apt to be dangerous as a guide to manage- 
ment for nothing should be allowed to countenance delav m 
operating Another school is largelv guided b) the time which has 
elapsed after the oncet of an attack The) measure pathological 
progress b) the clock and make it a guide to treatment Ihcse 
surgeons advocate del3)ing operation m all cases that arc not seen 
until 3G hours after the onset It is claimed that the mijont) 
then safel) subside and locabze and tliat the delav cd op ration is 
attended b) a lower mortalil), a lessened incidence of complications, 
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and a shorter staj m hospital "Most ca*es of appendicitis require 
operatue treatment but theurgencj \anes and whereas m \er} acute 
rapidlj progressing cases the surgeon must know no mght no daj 
there are others in which convenience ma\ plav a part in deciding 
when the operation should be performed Again there arc cases 
especially w^th abscess formation m which the patient is so profoundly 
toxic or suffenng so much from aado^is that a delay of some hours is 
absolutely essential in order that these conditions may be combated 
There are also man\ desperately ill case^ with unlimited pentomtu. 
m which the extent of the interference and its technique must both be 
modified and in such the mere incision of an abscess under local 
anfesthesia ma\ be life saving whereas a classical operation with a 
search for the appendix may be as good as a death warrant It must 
always be remembered that simple drainage will often save life and 
that the appendix can be safely left for subsequent remov al 

For many years I have found it convenient to classifv cases m tlie 
following groups — 

Group 1 Acute appendicitis without peritonitis 

Group 2 Acute appendiatis with localized pentonitis 

Group 3 Acute appendicitis with flank or pehicpentomti- or both 

Group 4 Acute appendicitis with diffuse peritonitis 

Group § Appendicitis \nth residual abscess 

Group 6 Appendicitis with pnman localized abscess 

Group 7 Appendicitis — interval remov’aL 

Group 8 Appendicitis VMth pnmaiy complications 

Group P Appendicitis — no operation 

Group 10 Appendicitis — incidental removals 


There is no classification of appendicitis that is not open to error 
and to which objections cannot be raised but this simple grouping has 
proved both useful and practical The basis of the classification is a 
pathological one The disease starting m the appendLx spreads as a 
radiating mfection and m the great majonty of cases at its inception 
It Is entirely local 

Groups 1 and 2 would naturally include the very early cases that 
IS to say those seen probably wathm twelve to twenty four liours 
Gwap 3 rfTcJcAies' pstients .’JJ Sar perhaps 

tw enty four hours but wath the same extent of inflammatory extension 
other patients may give a history of an illness extending over a penod 


of two to three dav s , 

Group 4 would ordinanlv be looked upon as onlv a later stage of 
group 3 but that is not always m accordance watli what actuallv 
happens for the acuteness of the inflammation and the rate of inv'asion 
of the pentoneum vary verv considerably 

Group 5 w as introduced for a class of case which is not often encoun 
tered at the present time but which used to be quite frequent some 
vears ago when the need for earlv surgical interference was not so wei 
recognized as it la to dav Such patients usually give a history o 
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having passed through an attack of general pcnlonitis and reached a 
stage in which recovcrj has come to a standstill In these circnm- 
stances it is not uncommon to find a collection of pus in the pelvis, in 
one or other flank, or between the cods of the small intestine Such 
abscesses have to be distinguished from those that remain localized 
about the appendix wherever tliat organ happens to be situated These 
latter cases form group 6 The cases included in group 7 are those 
in which there is no active inflammatory trouble but m which the 
evidence of a lesion in the appendix is unmistakable Sometimes 
they are spoken of as interval or cold ' cases From the operative 
point of view they are in an entirely different category from all the 
others and for that reason their management is considered separately 

Group 8 IS introduced to include cases where the acute appendicular 
mischief is complicated by such conditions as portal pyaemia (pyle- 
phlebitis) intestinal obstruction or some acute chest mischief 

For groups 1 , 2 and 3 (here is now general agreement that immediate 
operation is the only proper course None the less, there are cases in 
which the symptoms so rapidh improve that the question of deferring 
the operation may be raised but this is dangerous Even when an 
attack does safely subside there is an invariable tendency to recurrence, 
and therefore the surgeon must always urge that the evil dav is only 
being deferred and that the next attack may come on at a much more 
inconvenient time 

In group 4, though some type of operation is demanded, there may* 
be very good reasons for deferring the interference for some hours to 
institute treatment directed to improve the general condition In these 
cases the patient may' be so desperately ill that the scope of the opera- 
tion may have to be limited and mere incision over the appendix region 
for drainage may be the onlv measure permissible m the hope of saving 
life 

In group 5, again, an operation is usually required, but only for 
the evacuation of the abscess wherever it may happen to be In the 
majority of cases in this group removal of the appendix must await a 
hter intervention when all signs of active inflammation have subsided 

In group C operation is essential, but the scope of the interference 
may be vaned On minv occasions it may be possible to open the 
abscess and to remove safely averv accessible or easily -found appendix, 
while m others it may be very much wiser merelv to dram the abscess 
in the first instance leaving removal for later intervention durine a 
quiescent period after the lapse of three or four months Dunng this 
waiting period it is not necessary for the patient to remain an mvahd, 
but he must be warned that, should there be any recurrence of pain 
or other evidence of activity, immediate surgical intervention may be 
required Tlie greatest difficulty occurs m those cases in which the 
seventy of the symptoms arc vvaning when the patient is first seen 
and there i> only a slightly tender but extremely hard mass m the 
iliac fossa In such cases there has probably been an appendex abscess 
which has leaked into the bowel orm which the subsiding inflammation 
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has been followed b> the development of very dense mflammaton 
tissue, perhaps enclosing a collection of inspissated pus In this {rroiip 
It IS best to keep the case under observation and, if a// the symptoms 
are improving and the mass is gradually disappeanng, it is w ell to 
continue to defer operation until there is nothing but remaining 
tenderness to indicate the pathological change w hich has been present 
This will usually necessitate a delay of from four to si\ weeks 

Group 8 will alwajs demand the earliest possible intervention but 
the prognosis will depend more on the associated complication than on 
the condition of the appendix 

Appendicitis in children and in the aged is a matter of extreme 
urgenc}- At the begmning of life this is generally recognized, but at 
the other extreme there is a tendencj to put off and to hope that the 
condition wall subside and operation be axoided But many h%es are 
lost in this w a\ and there is much less nsk in adr ising earl} mter\ ention 
than in countenancing delaj The dilhcuhids w diagnosis must be 
ack-now’ledged but man} case^ even in extreme age are quite un- 
mistakable 

After these observations it may be laid dow n as a general rule that 
etcry case of acuie appeiidicihs should be operated on as soon as possible 
after diagnosis In the majority of cases there is no difficulty m arriving 
at a correct diagnosis, not only that the appendix is at fault but also 
of the extent of the pathological processes associated with it On 
occasion there may be uncertamty, but the properly trained surgeon 
will never fall into the error of supposing that every patient with pam 
referred to the nght ihac fossa is necessanly suffering fr6m appendi- 
citis It IS not possible within the scope of this work to discuss the 
problems of differential diagnosis but it may be reiterated that the 
most valuable sign of appendicitis is easily-ehcited tenderness over 
the appendix area 

Indications for removal of “quiescent” appendix. — There is so 
marked a tendenc} for the appenduc which has once become inflamed 
to suffer from recurrent attacks that the question arises whether it 
should be removed after the first attack It now the general opinion 
that this IS correct ^VhUe it is safe to predict that if not removed 
relapses will occur, it is impossible to give anv opinion on the probable 
interval, the sevent} of future attacks or the menace to life But the 
nsk attached to a relapsing appendicitis does not consist «oieI} in the 
danger of acute exacerbations In the intervals between the attacks, 
and often wathout an} marked attack, a pathological appendLX ma> 
be lowering the health of its host Manj patients never quite lose 
their pain and suffer from epigastnc discomfort, flatulence, constipation 
and the so-called “ appendix dvspepsia '* In others, adhesions 
ewe rise to draggmg pains and perhaps to delay in the ileuin 

Both duodenal ulcer and cholec>stitis have been considered to 
result from appendnx infection B coti infections of the unnar}' tract 
or chronic or subacute arthritis inaj be the result of absorption from 
the appendLX and there may be other evidences of infection 
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Preparation for operation . — In acute casts it may be necessary to 
adopt measures such as are used in peritonitis to combat the to\ic 
effects of intra-abdominal inflammation (p 997) Patients %v ill be more 
comfortable during the immediate post operative period and after- 
treatment will be facilitated, if the lower bowel has been cleared 
Purgatives must not be administered and only a small enema can be 
permitted Usually there is too much tenderness to permit proper 
local preparation of the operation area and this should be earned 
out m the theatre after the patient has been anesthetized In interval 



Fig <490 — Appsndicectomy by Battle 3 incision structures divided 
I External obUotie 2. lolntsal obSqw 3 banstFrubx 4 skin 8 x[<oneuro<tx 
ofextcmolobli'i o tl transvrrsiHsfjsdaaiMl ivrtlim-uo) 7 rtctutal«]OR)i lxiiiu<cle. 

cases the usual preparation for anj abdominal operation should be 
employed 

Anasihesia. — Unless there is some active chest trouble general 
anicsthesia can be safely employed Post-opcrati\ c chest complica- 
tions are unusual, probably bewuse the inteiwention is limited to 
the lower quadrant of the abdomen It is necessary to wani against 
the use of chloroform in the acute cases, as serious liver changes with 
fatal acidosis may result Spinal anxsthesia is quite satisfactory', and 
local anaisthcsia can be employed, but with the latter method the 
patient may be subjected to a good deal of pain during the separation 
or deh\ cry of the appendi\ and especially in the acute cases 
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Technique -Incisions —llie incisions U5uall> cmplo\t(l are either 
more or less vertical through or by the side of the rectus muscle with 
temporary displacement of tint structure or oblique and directly 
over the appends 

Some operators fa\our a tnins\erse incision low in the ihac fossa 
but this approach has never been generally adopted 

1 Battle s incision is made parallel uith and a little median to the 
right semilunar line its centre being placed directly ov er the suspected 
positionoflheappendix (Figs 400 49iA) Its length vanes with the 
thickness of the abdominal wall but should not be less than 4 in The 



ajioneurosis of the external oblique is Uiv ided m the line of tlie skm 
incision the anterior sheath of the rectus abdominis is opened and the 
outer edge of the muscle exposed and retracted tow ards the middle hne 
(Fig 4^1 ) The postenor sheath of the rectus is then dmded m the 
same \ertical hne as the incision in the antenor sheath and tlie pen 
toneum opened It is important to trv to spare the brandies of the 
11th and 12th intercostal nerves vvhich cross the field from awvc 
downwards and inwards It is sometimes possible to retract th<^ 
structures out of harm s wuj At the lower angle of the wound the 
deep epigastnc \esseU passing from below upwards and inwards 
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should be avoided The pentoneum is opened for the distance which 
the condition demands 

The wound is closed if dramage be not employed bj three layers 
of suture The first a continuous catgut suture unites the peritoneum 
and posterior sheath of the rectus the second an mterrapted catgut 
unites the anterior sheath and the aponeurosis of the external oblique 
on the inner side to the aponeurosis of the external and internal 
obliques on the outer side Interrupted silkworm stitches are usually 
employed for the skin and subcutaneous tissue If drainage is necessarj 



it IS usual lo make a small independent incision through the parietes 
m the iliac fossa or eien the right flank Of course the drain ma) be 
brought directlv through the lower end of the incis on but this route 
invites sub«epicnt hemn 

2 McBumey’s incision* is made obliquclv at the junction of the 
middle with the outer third of a line joining the umbilicus with 
the anterior superior spine (1 ig 191 ii j flic aponeurosis i f the 
external oblique is exposed and a way made through it bv separating 
its fibres \\hich run practically parallel witli the incision (I ig 
102 V ) The edge^s of the separated ajKmeurosia are held apart bj 
retractors and the internal oblique exposed the muscle fibres crossing 
the space almost horizontallv An opening is made letween the 
fibre* of this muscle b> a blunt director cxjKismg tlie transversali* 

• lun »it Ju) tSM XX 3S. 
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muscle. (Fig. 492s.) Both muscles are separated together until the 
peritoneum is reached. The aperture thus made can be stretched bv 
the blunt dissector and the finger until it is two ox two and a half 
mches Jong (Fig. 493.) The musculo-cutaneous branches of the 12th 
intercostal nerve at the inner end, and the ilio'hj'pogastric and ilio- 
inguinal nerves at the outer end of the space, may be seen and should be 
carefully preserved. The peritoneum is held up in forceps and incised 
betu-een them , the forceps are Je/t attached to the peritoneal edge 
and are very useful when the opening comes to be closed. Full 
separation of the muscles will give a working space which is enough in 



Fig- 493B . — Appendicectoinr by McBumey’s incision : 
transversalis muscle exposed by withdrawing external 
obliqueiatefalJf and internal oblique longitudinally. The 
internal oblique and transxersalis are usually drawn 
apart together, 

Note l2Ui r-rv' atKiw ainl {bo-bvpegistrtc atti ibo-uunjiiut Bcnn {xtow. 

most cases. If more room is required the separation of the deep muscles 
may be carried inwards in the same line and the rectus sheath incised. 
The rectus muscle can then be retracted inwards an<l tlie opening 
in the peritoneum considerably enlarged. 

The peritoneum is closed by a continuous catgut suture. The 
retractors holding aside the transversalis and internal oblique muscles 
are withdrawn, allowing them to fall together, when they are united 
by two or more catgut sutures. Great care should be taken that these 
sutures include the whole thickness of both muscles, "^e aponeurosis 
of the e.vtemal oblique is closed by catgut suture. Finally, the wn 
incision is united according to the practice of the operator, me 
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operation is designed to prevent postoperative weakness of the scar 
by avoiding the cutting of muscles Its advocates maintain that less 
pain IS complained of afterwards, Tliere is no doubt that recovery is 
very satisfactory and quick In the great majont> of cases e\i.n 



Fig 493 McBurnejr 9 inciJ oa the peritoneum exposed 
As a rule the retractors are not required 

Strenuous work can be resumed at the end of a month The evposure 
IS not so good as that obtained b> other incisions and it should be 
reserved for interval cases (group 7) \\Tien employed in acute cases 
the question of drainage is difficult If a tube or tube and gaure is 
brought directly through the wound a weak spot is very hkel> to 
develop and to be followed by bcmia 
The oblique muscle^cutting mciston ol Rutherford Morison (Fig 491 c) 
was first desenbed in The I anccl* and since that time has been 
used by the Newcastle school for acute cases almost to the exclusion 
of any other type of incision It is 
made parallel witli the outer third 
of Poupart s h^, ament and the crest 
of the ilium (Fig 494 ) The length 
of the incision depends on the build 
of the patient and the conditions 
expected and in this matter tech 
nique is helped by accurate diagnosis 
of the probable position of the ap 
[lendix If the clinical indication* 
suggest that the appendix is mg 
in the «ulc«s on tlie outer side of the 
cxcum then the incision is made with 

• r«b » 1901 1, S33 
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»"‘enor supenor spme and need not be 
more than S or SJ in m length If. on the other hand, the indications 

point toapelwcappendicitis.thenitismadefarfherlonrards le from 

‘i*® snpenor spine to the outer border of the 

rectus muscle In any eient the incision can be readtli e\ tended 
either backnards or fontards as the condition demands It has the 
supreme advantage that it leads the surgeon directly down to the 



Fig. 495 — The oblique musde cuthng lociston exposure of the sulcus 
oa the outer side ol the czcum aud protection of the general peritoneum 
bf gauze packing 


Site of the trouble wherever the appendL-c js situaterl, that it is 
ne\ er necessary to approach a pathological process through the health} 
pentoneal ca^^t> Bj Us aid it is possible to deal with all ^a^etle^ 
of appendix abscess without troublesome retraction for e%er> thing 
can be done under the guidance of the ci e (Figs JSC ) As a 
rule It IS best to a\ oid cutting the deqi epigastnc arter}', as secondary 
hemorrhage from this Ne^&el is not unknown and ma} be i senous 
complication Drainage can be most convemently arranged b} 
bnnging the tube from the postenor end of the incision (Hg iOi ) 
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In tins way the small intestine area is a\oidefl and the risk of ventral 
hernia greatly diminished (See also p 907 ) 

The choice of incision — The McBumey incision should be reserved 
for the interval cases Battles incision will suffice for all the early 
acute cases, and this or a midlme incision should be selected for cases 



in which the diagnosis is in doubt and especially m females Except 
where a general exploration is neceasary, the oblique muscle-cutting 
incision of Rutherford Monson fulfils all the indications and is better 
suited than any of the others for dtabng witJi appendix abscess 
Removal of the appendix in quiescent cases. (Group 7) — Many 
surgeons believe that the operation sliould alwavs be txploralorj' m 
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interval cases, and /or that reason thej use one of the rectus mcisions 
Irom which any part of the abdominal cavity may be examined I 
prefer to act on a pre operative diagnosis and to be content to examine 
the appendLx region only through a AIcBumey incision WTien there 
IS reasonable doubt of the diagnosis one of the rectus incisions is 
chosen This policy means that the McBumey muscle separation 
incision is employed in the great majonty of cases On opening the 
pentoneum the cscum may be seen at once or it may readil> be found 
by introduang a couple of fingers into the vround or using a pvr of 



F<S <197 — Oblique muscle cuttmg incision arrangemenU for drainage 

blunt forceps such as a Sponge handle In the first instance just enough 
of the bowel should be wuthdravvn to enable the surgeon to get a 
secure hold Quite often the appendix follows the c-ecum into the 
wound If not the finger may be introduced by the side of the 
bowel and in many cases the appendix can then be delivered easil> 
and satisfactonly A^Tien the appendex is not readil> found the 
surgeon must trace the longitudinal bands towards its base Some- 
times this search means bringing quite a considerable portion of the 
c-ecum outside the w ound WTien the appendix is found but does not 
slip outside easily, it may be grasped with forceps and gentle traction 
used when as a rule it can be brought to the surface To deal with 
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the base of the appendix properly, this part of the bo^\el must be 
brought completely outside In a few cases, and especially those 
where there has been a previous abscess, the appendix may be very 
adherent and may he behind the caecum or over the brim of the peh is 
or otherwise out of the w ay In these circumstances the use of narrow- 
bJaded retractors in the wound may enable it to be seen so that the 
adhesions can be separated under the guidance of the eye Wien 
there is difficulty in delivering the organ it may be a help to clamp 
and divide the mesentery m the firet instance and that can sometimes 
be readily done It is never permissible to pull so forcibly as to risk 
tearing the appendix across m the depth of the wound or pulling it 
away from its mesentery Whenever real difficulty is found the 
incision must be enlarged as already described Once the appendix 
has been ivithdrawn, the next step is to deal with the mesentery 
This may be clamped with one or more artery forceps, divided and 
then tied in sections, or it may be transfixed and ligatured before 
division Sometimes a vessel very close to the ciccum manages to 
escape and must be separately caught and tied The ba«e of the 
appendix is next thoroughly exposed by gentle traction right up to 
the bowel, so that the organ appears to be arising at the apex of n 
cone of c?ecum It is then crushed with a pair of artery forceps through 
its ciEcal attachment (Fig 498 ) The forceps is remov ed and a 
ligature applied to the crushed area and firmly tied Tlie forceps is 
then re applied to the appendix about a quarter of an inch beyond tJie 
ligature and the organ is cut across on the cscal side of the forceps 
The ligatured stump should be wiped dry with a pledget of gauze and 
then swabbed with pure carbolic If there is a considerable portion 
of mucous membrane on the stump it should be trimmed down with 
scissors Finally the stump is buried with a purse-string suture of 
No 3/0 chromicized catgut A second suture, not necessarily a pursc- 
stnng, should be introduced over the first This adds additional 
security and leaves a perfectly smooth peritoneal surface where the 
appendtx stump was located 

llie caicum is then returned to the abdomen and the wound closed 
m layers In this operation it is not necessary to pack off the peritoneal 
envity Die. rixpasrd bowel should be covered while the stumji is 
dealt with and gauze swab may be used to prevent the further 
escape of bow el, but w ith the separating incision tlicre is little tendency 
to this TliC incision has the disailvantage that if the appendix is 
not easily found and a considerable portion of bowel has to be drawn 
up through what may be a rather tight aperture in the abdominal 
wall. It soon becomes distended and congested and it may be difficult 
to return it to the abdomen without teanng its pcntoneal coat or 
producing a subpentoncal himatoma To avoid this trouble the 
bowel should be replaced in the abdomen as soon as the appendix is 
found, only so much being left outside as will enable the surgeon to 
deal safclv with the base of the appendix Kxtnicled liowel that has 
to he returned after it has become distended and congested should 
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^ co% ercd ith a hrge gauze and its contents gentU snueezcd into the 
colon m the abdomen After considerable pressure the surgeon \m!I 
feel the contents gurgling back into the intestine and as a result the 
bowel will become quite flaccid and can be reidil^ returned throu h 
the srnaJi incision The operator must a\oid the temptation to 
an\ sharp-pointed instrument to thrust the cecum back Any 
peritoneal tears that ma\ lia\e occurred should be drawn together 
with a few points of suture If a considerable area is m\ohed it 
may be coiercd and tucked in by using a continuous suture Utat 
e\er difficulties maj be encountered m remo\ing the quiescent appen 
dix It should always be remembered tliat the^ will all disappear with 
proper exposure I would strongly urge the beginner to use the 
oblique muscle-cutting inasion for his earlier cases and for tho-^c 
where there has been a pre\aous history of abscess 
Allemalne methods of deab»!> atlh the appendix stump — \mcncan 
surgeons* ha\ e draw n attention to \ anous after troubles that an* said 
not infrequently to result from burying the stump by the purse string 
method It is stated tliat an abscess may form at the site and mav 
burst into the bowef or giyc rise to pentonitis or to abscess m the 
liver In other cases chronic inflammatory trouble may follow with 
persistent pain tenderness and other signs of jHDtoneal irritation 
As a late result a di\erticulum is said to occur at the site cairving 
the nsks associated with diverticula in general It is theixfori. 
suggested that it is safer and better merely to ligature off tlie appendix 
and either divide it with the cautery or carbohzc the stump Tlii'* 
technique is used both in quitscent and acute conditions It is well 
known that in the great majontv of cases this plan is sufficient but 
burying the stump ought to provide additional secunty and does 
•seem to have stood the test of time m the hands of Bntish surgeons 
Other plans haye been suggested and it necessary to warn against 
simply tucking in the stump without Jigatiirt as deatlis from hamo 
rrhage into the boyyel hayc folloyycd this method 

Operation in acute appcndicilis -Tlie choice of approach is Iaq,ely 
influenced by the teaching of the different surgical schools Tlic 
yertical rectus incisions have for long been jiopular but have tin. 
disadvantage that if the inflamed appendix is situated anyavlien 
on the outer cidc of the c.ccuni it must be approached through 
pentoneum which is probably unmvolvcd in the inflimmatorv 
process Further should it be ncccs'^ary to leave m a dram 
It has to pass through the aMominal wall at a site where Icmia 
IS likely or an independent incision must lie made for it Tlie incj-ion-* 
directly over the appendix region have the great advantage that the 
site of the disease is immediately expo'evl when the pentoneum i< 
opened The muscle-<«.parating incision of 'fenumey which !•> 
satisfactory for the quiescent cases is often most unsuital It for the 
acute cases Onh rarely can the gangrenous or inflam^ aj pen hx 
lie dehveretl through the Iimitwl space available without the n<k of us 
iKing tom or niptiircil mil il it Ini (icm to Ix rittnted iii tj c (x li i 
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or beluiid the ca-cuni oi f ir up on its outtj sule it t^ll only 1 c rcmo\ ctl 
xt the expense of much Inmiful m'liiipulition Irnther draimge is 
unsatisfactory and there is considerable risk of infection of the ab 
dommal wall The oblique muscle cutting incision of Rutherford 
Monson gives the best exposure and has the advantage that it can 
be extended forwards towards the peJiis or backwards towards the 
lorn as the occasion demands Used in this waj it will meet the 
indications m any circumstances likelv to be encountered The 
expenence of many years in large numbers of cases long ago con\ meed 
me of the superiority of this mciaion but a far better testimony to 
its \alue IS the fact that a succession of assistants have adopted and 
continue to use It with complete satisfaction In females where there 
ma> be doubt about the diagno is between tubal inflammation and 
appendicitis or in doubtful cases m the male the mtdiine subumbihcal 
incision should be used 

rhe length of the Monson incision will be governed by the 15 pe of 
case and the build Tor all but abscess cases and in those of average 
build an incision about four inches long wiU give a sufficient exposure 
In the abscess group (l>) and especially m stout people an incision of 
five to six inches or even longer may be required but it can be so 
readily enlarged either forwards or backwards that it is not necessary 
to make it very long in the first instance In making tins incision 
It is important not to carry it as far fonvard as the deep epigastric 
artery in the first instance Should an inward extension be necessity 
It may be earned right up to or even into the rectus sheath but m 
that case the deep epigastric vessels should be deliberately caught 
ligatured and divided so that they can retract out of harms way 
As soon as the pentoneum is opened there may be an escape of exudatt 
some of which will probably flood the wound As much as possible 
should be mopped up with gauze or the aspirator may be used The 
appendix may immediately come into view or it may be felt as soon 
as the finger is introduced When it is not easily found the operator 
should trace the longitudinal bands on the crccum which lead to its 
base and with tins as a guide the organ will nearly always be readily 
found and can be freed by the finger passed along towards its tip 
Should the appendux be tucked away under the emeum or colon it is 
very helpful to cut through the pentoneal bands and attachments 
which so often tie the bowel down to the ihac fossa 

After tins has been done the cxcum may be displaced inwards 
disclosing the hidden appendix which may pass up behind the colon 
sometimes in the retro pentoneal tissues Sometimes the meso 
appendix is too short to allow the organ to be brought up into the 
wound In these circumstances it will be necessary to clamp and 
div idc the mesentery Ev cn after this step there are some few cases m 
which the appendix cannot be readily extruded especially in abscess 
cases In these circumstances it should be clampetl across at its 
base and div ided after vvluch it can usually be separated and delivered 
by w orkmg in a retrograde fashion Of course the proximal end must 
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be ligatured and tucked into the cxcum either before enucleation or 

after (Fig 498 ) Occasionally even this method of removal is difTicult 

or \veU nigh impossible, and in this small residue of coses the mucous 
membrane maj be enucleated from the thickened and indurated outer 
coats To accomplish this, the outer coats are incised do«n to the 
submucous layer and this ** inner appendiv ' is caught in fotceps , 
traction aided by forceps will usually complete its cnucleitionr The 
thickened outer coats are left undisturbed 
The management of the stump of the appenduc has led to a consider- 
able amount of discussion o\er many jeors I host alwojs made it 
0 practice to burj’ the ligatured stump and I believe this gives the 



Fig 498 — Append>c«ctomr by simple clsinp and pune string method 


best result with the least nsk of faical fisttih adhesion or subsequent 
trouble In operating m the acute phase it is not always possible to 
do tins satisfactonly because the parts about the base maj' be so 
much tluckened and induroted In these circumstonces, ofter ligature, 
the stump may be seared with the cauterj, or corbolized, and left 
exposed but a tube should alwa>s be brought from the neighbourhood 
Gauze should not be emplojcd as a drain, or protective lymph moy Ik. 
torn aw ay w hen it is remov ed In man> acute cases especially groups 
(I) and (2), the stump can be buned and the abdomen sifely'^ clo^ 
without any drain 

In the management of the mesentery there is room for different 
methods ^\^ven it is not overloaded with lat it can very' convenienlK 
be caught m one or more pans of artery forceps and divided, the 
tissue in each forceps being separately ligatured It is seldom necessary 
to use more than three pairs of foireps and quite often a single bile 
will suffice Wien the mesentery is very fat it must be divaded well 
beyond the forceps, as there is nsk of the vessels retracting and causing 
what may prove to be a very troublesome hxmatoma m the mesintcry 
and beyond The inflamed mesentery may be so friable tint the 
ligature cuts itself loose In these circumstances the \ csseK must 
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caught again and a ligature on a needle passed back and forth through 
the mesentery, m ell above the bleeding site, and tied \Vlien the v essels 
can be readily seen the mesentery may be transfixed and secured by 
ligature, but when they are not seen there is a risk of puncturing them 
and some trouble may result It is ahvajs possible to catch the vessel* 
m the mesentery, but there are occasions when there may be a little 
bleeding from the area to which the appendix has been adherent As 
a rule this is an ooze w’hich will cease on pressure Occasionally a 
vessel may require ligature, and sometimes the oozing can only be 
controlled by packing gauze rather firmly over the site Such gauze 
must be left tn situ and brought out of the wound with the drainage 
tube When a gangrenous process extends into the meso-appenclix 
there is a special risk of portal pyremia and great care should be 
taken to secure the mesentery well above the affected area 
Drainage requires consideration and does not only concern the 
security of the ligatured stump If exudate is thick and abundant, or 
if there is even a small quantity of pus, it is better to leave in a dram, 
whereas this is unnecessary if the exudate is clear Group 8 cases 
should nearly all be drained In this group there is a great tendency 
for infected fluid to collect in the pelvis, and sometimes the lower 
coils of the ileum may adhere to the bnm shutting off the fluid In 
these circumstances it is wise to " sound ’ the pelvis, when the 
appendix is removed, by gently sepamting the intestinal coils, uhich 
are only lightly adherent, and introducing the finger over the pelvic 
brim Almost invariably a considerable collection of fluid will escape, 
but if It does not do so it is not necessary or wise to mop out the pelvis 
or to use the aspirator, for fear of conveying infection and damaging 
the peritoneum If infected fluid is found in the pelvis a drain should 
be passed over the pelvic bum The best form is a rubber tube about 
little-finger size, this should be softened by cutting it in a spiral 
fashion throughout its length It must be borne in mind that this 
group furnishes most of the instances of pelvic abscess developing 
during convalescence While there is no doubt that drainage of the 
pelvis prevents this complication in many instances, it may occur in 
spite of such drainage The possibility must be kept m mind, especially 
during the first ten days of convalescence 

In the abscess case the oblique incision proves an enormous 
advantage because it means that the surgeon will come down directly 
to the seat of the mischief On occasion, as soon as the peritoneum 
IS opened pus will be found, but m other cases the pentontal cavity 
IS free, the abscess being shut off entirely' within the abdomen In 
these circumstances the general peritoneum is protected by gently 
packing with gauze over the eaxum, towards the pelvas and towards 
the right loin If the abscess is not situated in the sulcus on the 
outer side of the ciccum it will be found towards the pelvis, towards 
the loin pouch, or behind the ca.cum. and in all probability the guide 
to Its location will be adiicnng omentum or the distal end of the 
appendix passing into the inflammatory mass Tlie peritoneum 
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lia\ing been packed of! the ibscci* must be opened lt<? u-all can 
usually be broken down bj the hngcr and only on rare occasions will 
it be necessary to use scissors \\ ith the oblique incision the pus runs 
readily to the surface over the postenor part of the wound and can 
usually be controlled by gauze swabbing, though no amount of care 
IS hkely to prevent some soiling, but the wound usuan> heab perfectly 
well m spite of contamination ^\^len the abscess has been emptied 
and dried the appendix may be obvious or may at least be readily 
found after a limited search Though it is highl}. desirable to be nd 
of the appendix and though this can safely be done m a considerable 
proportion of abscess cases it is not essential for immediate recovery 
^ To set out to remove the apfrenduc at all costs causes an unjustifiable 
' MKrea<5e in the mortality In cases of difficulty it is therefore best 
not to run the risk of inflicting unnecessary trauma, or spreading 
infection m attempts at removal which should be postponed to a 
later intervention during the quiescent period It is in these abscess 
cases that the perforated appendix is roost hkelv to be encountered, 
and it IS necessary to take great care that the whole organ is removed 
Not infrequently the appendix is separated into two portions at tlie 
site of a perforation It should be very carefully examined immediately 
after removal so that if there is any doubt about its completeness, 
search can be made for the remaining part 
Perforations near the base of the appendix are often associated 
with severe general peritonitis (group 4 cases) or with large ab'cesscs 
Such a perforation mnv extend into the oeciim and may not be 
occluded by the encircling ligature of the base of the appendix Great 
care must be taken to close such holes by suture, and it is wiser to 
provide drainage In abscess cases an enterolith is sometimes loose^ 
m the pus or may be hidden m the recesses of the cavity , and it is” 
well to explore with the finger to make quite certain that no such 
foreign body remains behind Wien the omentum is closely wrapped 
about the appendix or is thickened and involved m the inflammatory 
process, it can often be separated wnth ease, and should be preserved 
and used for packmg down into the area after the removal of the 
appendix When, on the other hand the adhesions are so firm tint 
it can only be separated from the appendix with difficultv, it may 
be ligatured off and removed with the organ In these circumstances 
It IS important to divide the omentum through the area which i> 
presumably healthy, othenvise there is a nsk of displacing septic 
thrombi which might perchance cause portal pyicmia 

In the retro cases the inflammatory process sometimes spreads 
to the ihacus or the psoas muscles Tins may be an extension from 
an abscess about tlie appendix or its tip may be directly adherent to 
the sheath of the muscles and the whole abscess may be sUuatt^ 
among the mu'^cular fibres In ather case the thickened muscle 
sheath must be freely incised so that the abscess can be emptu^ and 
drained This complication of appendicitis mav be dngnoswl vntn 
confidence when psoas ngidity is present as a symptom \\nen 
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using the oblique incision all dnins are brought out at its postenor 
end at which there is much less Lability to heron (Fig 497 ) After 
the drams have been arranged the omentum when accessible should 
be pulled down to the appendi\ site and laid o%er the drain m the 
sulcus on the outer side of the bowel The wound must always be 
carefully closed in layers with catgut the peritoneum with a con 
tinuous suture and the muscles in at least two layers by interrupted 
sutures Chromicized gut should be employed size 8/0 is suitable for 
the peritoneum and No 1 for the muscles or m muscular men size 
No 3 It is not wise to o\erlap the evtemal oblique in the acute cases 
as that might encourage cellubtisof the bell> w all The skin is closedw ith 
interrupted sutures of silkworm | of an incli apart The w hole idea is to 
provide read} exit to the surface for discli irge should sepsis occur in 
the wound \Vhere there is gross infection there may be a little localized 
cellulitis or an abscess may form in the wound part of w Inch has then 
to heal by granulation Efforts have been made to prevent infection 
of the panetes by the use of Bipp and now of the sulphonamides but 
I am not yet convinced that these have pro%cd of much value against 
the Bacillus coh which is tlie usual organism In the absence of spread 
ing infection w hich is quite unusual w ound healing is most satisfactory 
and the proportion of weak scars or of definite herni-e is very small 
and certainly no greater than after any of the other incisions When 
acute appendicitis is approached through one of the vertical incisions 
It IS necessary to pack oH the small intestine very carefully towards 
the middle of the abdomen and to work along the ileum to the cxcum 
\Vlien the cascum is freely movable it may be easy to expose it and to 
draw It forward but should it be tie<l down then the operation may be 
very difficult indeed Wffiere there is a collection of infected fluid or a 
localized abscess about the appendix there is a very considerable nsk 
that the pentoneum will be fouled Free use must be made of gauze 
swabbing and of the aspirator For drainage it is necessary to make 
an independent incision in the nght iliac fossa or m the nght flank 
Such an incision is sometimes known as a stab wolind * this may 
be made either blindly from without or the surgeon may deliberately 
cut down on an instrument or a finger pressed against the abdominal 
wall from within in order to make a definite prominence Wffien only a 
small drain will suffice it is enough to bnng this out through the 
lower part of the vertical incision but that can only be done with 
the knowledge that it does increase the nsk of incisional hernia 
Accidents that may happen during operation for acute appendicitis — 
The bowel may be torn dunng the separation of the caxum or lower 
end of the ileum As a rule such a tear would only involve the 
outer coats but if the viscera are much softened by inflammation the 
lumen may be inadvertently opened There is also the possibility 
that the abscess may have burst into the bowel and that the ojicning 
thus made may be exposed But whatever the cause tlie defect 
must be closed in the ordmarv wav with two layers of suture If 

•An Iiif oui e CTfifri Kw (x*** ms Ihv «><«1 tin unwhKSh.* » f! v 



5)02 OPERATIONS FOR APPENDICITIS AND PERITONITIS 


on account of the softened condition of the bowel the sutunnc la 
inefficient there is additional reason for drainage and m these circum 
stances jt is wiser to place a piece of rubber sheeting over the sutured 
area and to use a rather larger tube than would ordinank suffice 
Gauze should not be used for this purpose because when removed it 
is hkel} to tear rfwaj the Ijmph which nature throws out bj wav of 
repair \\ffien only the outer coats of the bowel arc tom the mucous 
membrane maj bulge into the rent this should be remedied bv 
draw mg the tear together wath a few catgut sutures On rare occasions 
w hen the low er end of the ileum has been much mv oh cd in the inflam 
matorv thickening and cedema it has been mistaken for the appenduc 
and a considerable section of its inner coat has been enucleated under 
the assumption that the appendux was l%ing i-^olated for removal If 
the accident is discovered after onI> an inch or two of the inner bond 
has been separated it may be allowed to retract into position and the 
outer coat repaired by a few stitches Probably no harm will follow 
but provision must be made for drainage If an} thing more than 
this small amount has been separated— and I once saw a piece of 
bowel eleven inches m length enucleated in this waj— then the onl> 
rational w a} to deal w ith the accident is to resect the damaged bon cl 
tuck in the ccecal end and make an anastomosis betw een the upper end 
and the c^cum or ascending colon 

Complications after operation for acute appendicitis — Man> com 
plications maj follow operation for acute appendicitis In the first 
few days there may be diffuse pentonilis ileus cellublis and sloughing 
of the abdominal wall and chest complications Later occur fxcal 
fistuh pelvic abscess subphrenic abscess obstruction from mtestinil 
adhesions pylephlebitis and last of all persistent sinus and «car 
hernia 

Some few patients complain of indifferent health which is usually 
attributed to adhesions persisting after convalescence In such cases 
It is much more likely that tlie original diagnosis Ins been at fault and 
that some other' condition such as du^cnal ulcer a chronically 
inflamed gall bladder or a low grade hydronephrosis is tlie cause 

Diffuse peritonitis is generally a continuation of the septic process 
ongmatmg in the appendex Cases of a certain type show a steady 
downward tendency apparently uninfluenced by the removal of the 
appendix and appropriate after treatment These are almost always 
examples of acute appendicitis without limiting adhesions for it js 
very rare for a case of localized abscess to develop cli/fu^e pcnfomtis 
after operation It is very important to differentiate between ileus 
and diffuse peritonitis as the treatment of these two conditions is 
somewhat different The subject is discu>^d at p 1001 ft is 
sufficient to say here tliat if diffuse peritonitis not txisting as such 
before the operation follow s an operation for acute appendicitis active 
treatment must be in'^tituted on the Imes suggested (p but the 


prognosis must be considered very grave 

Cellulitis and sloughing of the abdonunal wall — ihlS is 


1 rare com 
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plication occumng in cases of virulent infection It begins as an 
acute cellulitis in the neighbourhood of the wound and spreads rapidly 
in all directions, but chiefly toivards the loin and is accompanied by 
symptoms of acute toxaimia resembling in some respects those of 
erysipelas It is best guarded against by gentle handling at the 
operation, by avoiding retraction of the wound and opening up of 
muscle planes, and, in closing the wound, by taking care that no 
dead spaces are left and at Ae same time that the incision is not 
too closely sutured Treatment consists in opening up the ongmal 
incision very thoroughly and free incisions into the infected tissues, 
removing the deep sutures if the process is among the muscles or if the 
removal of the skin and subcutaneous sutures is not effective \Vlien 
the condition spreads widely and rapidly free incisions into the infected 
tissues should be made without stmt The resources of chemo therapy 
will probably do much for the case, and should certainly be thoroughly 
tried Anti-gas gangrene serum may also be used In reco\ enng cases 
there is often a good deal of loss of tissue by sloughing and secondary 
hasmorrhage These infections are attended by a high mortality, and, 
e\en if the patient recover, much injury may have been done to the 
structures of the abdominal wall 

Pascal fistula is only likely in cases complicated by abscess If the 
appendix has not been removed a perforation near its base may be 
the cause Such cases are readily dealt with by remoial of the 
appendix In other circumstances the condition results from the 
discharge of an abscess into the bowel, or is the result of necrosis 
following infection or injury during the operation In the cacinn the 
fistula generally arises as the result of direct extension of thfe appen- 
dicular infection to its wall m the small tnicsUnc it more usually 
follows a second operation for pcKic abscess or intestinal obstruction 
due to adhesions It is an interesting fact that a fiecal fistula from the 
CiEcum IS not a very senous comphcation indeed in many cases it 
IS followed by a rapid improvement m the patient's condition Such 
a fistula also tends to close spontaneously, but this is not likely if it 
persists for more than three or four weeks 

To close a cacalfacal fistula — If minor methods, such as cauterizing 
thft <vig.es q 1 the opemngv am uoavaiUn^ cperatioa w dl be tcfyured 
The greatest difficulty may be experienced m cleaning the skm, but 
fortunately local immunity comes to the surgeon's aid and incisions 
made m fecal soiled tissues usually heal kindly Tlie bowel is cleared 
out bj. irrigation both from the fistula and from the anus but, as fluid 
feces arc constantly parsing into the cxcum from the ileum the 
fistula must be controlled before the operation begins Tins may be 
done by packing gauze mto the opening, or by o\ er sew ing the opening 
after the skm incision surrounding the fistula has been made An 
adequate elliptical incision is emplojed, enclosing the fi'^tuh at 
Its centre The incision is deepened to expose the pentoncum in its 
whole length and the latter is opened at the upjier end of the incision 
as hr as possible from the fistula, because at this point the bowel is 
33 
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least I'kelj to be adherent A finger is introduced and the extent o! 
the attachment of the caanim to the anterior abdominal «all 
ascertained 

The pentoneum is then carefuUy divided throughout the length of 
incision and on both sides of the ellipse thus isolating the fistula 
SfihiMthitsfistuIaattaclied isivithdrawn from thewound 
and the general pentoneal cavity shut off with swabs wrung out in 
hot saline solution If the caK:um can he lifted out sufficiently it 
may be hghtly clamped to pre\ent extravasation of its contents but 
this is rarely necessary and maj perhaps damage its wall which is 
very thin and less able to resist even slight trauma owing to preiaous 
mflmnmation 

The fistula is then cut awaj and the resulting openmg closed by 
a double layer of catgut sutures the first passing through all the coats 
the second burjnng the first Lembert fashion The ciecum is returned 
to the abdomen and the parietal incision closed in three layers without 
drainage 

To f/osff n small intestine fistula — The injured intestine may be 
adherent to the panetes or it may be in the peI\J5 the fistulous track 
being long and tortuous Tor such a fistula there is no iltematue 
but the open method 

The operation mas be senous as there will be dense adhesion* and 
a definite nsk of infecting clean areas The bowel is also \er^ fnable 
and lery apt to be tom in the process of «eparation However it is 
a well knowm fact that patient* who have suffered from long-standing 
pentoneal infection ha\ e great resisting power and often better result* 
are obtained than are expected The onginal incision will have to be 
re opened in its whole length The pentoneum is opened as m the 
intrapentoneal closure of cJecal fistula Should the track be a long 
one some assistance can be obtained by passing a probe along it from 
without The affected loop of intestine which is generally ileum i* 
searched for after packing off the general cavity of the pentoneum 
and is set free and brought to the surface by gently separating adhe- 
sions As in all these operations a free incision good light and gentle 
manipulation are absolutely necessary \VIien the loop has been 
brought up It IS surrounded with swabs WTung out m hot saline and 
examined If the opening is small it mav be quite safe to close it b\ 
simple suture i e if that can be done without narrowing the lumen 
of the bowel to any extent If the edges are verv thick and irregular 
it mav be necessary to excise that part of the intestinal wall and to 
close the hole with a double line of suture so placed that the gap is 
closed across the axis of the bowel m order not to reduce its lumen If 
it seems that excision of the fistulous openmg w ould leav e a gap w Inch 
could not be safely sutured or if the distal segment is mucli reduced in 
size an enterectomy wnth immediate restoration of contmuity is the 
best treatment ^ ^ 

Small intestine fistula do not lend them^elve* to extrapentoneai 
closure chiefly because the intestine is alwavs more or lesa kinked at 



the site of tlic fistula, and also because of the tendency of the lower 
distal segment to contract 

Obstruction from intestinal adhesions — A point of interest in these 
obstructions is that if thej' co exist with a pelvic abscess, as is often the 
case, the draining of the abscess may be enough to secure complete 
relief (Sec fl/so p 882 ctsc^) 

Persistent sinus — This is generally due to an irritating cause, such 
as the unremoved appendix or a fsecal concretion which has escaped 
through a perforation Sucli a sinus may result from the extension 
of an abscess into the sheath of the iliopsoas muscle Wien due to 
the first an operation must be undertaken for the removal of enterolith 
or appendtx This may be ver\ difficult or unexpectedly eas\ The 
golden rule applies free incision, good light, gentle manipulation and 
careful protection of the infective area 

For pdiic abscess, subphre7nc abscess, and scar hernia, see respectively 
pp 1003, 1002. and Vol 11 

Inguinal hernia following operation for appendicitis — Occasionally 
a right inguinal hernia has appeared so soon after an operation 
for appendicitis as to suggest cause and effect Such a hernia has 
been particularly noticed after the muscle-separating incision of 
JfcBurney and the oblique muscle-cutting incision of Rutherford 
Jlonson It has been stated that the nerves which govern the nutrition 
of the abdominal wall in the inguinal region are apt to be injured by 
either of these incisions On the other hand, this hernia has occurred 
even when the greatest care has been taken to avoid damage to the 
nerves It may be that the presence of a very firm scar in the nght 
iliac fossa throws an especial stress on the inguinal region, so that 
hernia is more likely , especially' if there has been some predisposition 
Certamly this hernia may occur when the apjiendix scar is perfectly 
strong and is not usually noticed m cases m which it is a weak or the 
site of an incisional hernia There is no reason why operativ c treatment 
should not be employed In irreducible cases the contents of the sac 
may be found diffusely adherent to its walls, but they can always be 
separated with time and care If the muscles look pide and atrophic, 
fascial sutures should be employed 

Results In acute appendicitis. — ^As m all operations for acute 
abdominal conditions, the immediate result dejicnds largely’ on the 
interval elapsing between onset and intervention It is true that there 
are a few fulminating cases where operation at any stage seems to be 
particularly unsuccessful, but these are quite exceptional For statis- 
tics to be of any v aluc, c.xscs should lie grouped under such headings as 
“Acute Appendicitis without Suppuration," “Acute Appendicitis 
w ith Diffuse Peritonitis, ' "Acute Appendicitis w ith Locahzeil Abscess ’* 
Some surgeons hold that all should be classified according to the intcrv a! 
elapsing licfore opemtiori 

Ihe following figures from my own practice supply o bxsLS for com- 
parison which has proved practical and useful * 
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Group 

1 I 

’ i 

1 Cases 

1 Deaths 

Per- 

centage 

i 

Acute appendicitis i 




I 

1 VMthout peritonitis 

1 159 

0 

00 


i w ith localized peritonitis 

428 

4 

0 93 


vsith flank or pelvic peritonitis or 





both 

230 

22 : 

9 56 


v\nth diffuse peritonitis 

96 

28 , 

29 lb 

5 

with residual abscess i 

64 

5 

7 81 

6 

1 with pnmary localized abscess i 

446 

16 

3 59 

7 ( 

interval removal ' 

lOSO 

4 1 

0 37 

8 1 

with pnmary complications | 

20 

9 1 

45-0 


Total j 

2523 

SS 1 

3 49 


Group 5 consists of cases in which there has been some unlimited 
peritonitis which has subsided and left an abscess In group C the 
abscess has developed around the appendix wherever situated and has 
been )oca}ized from the start Group 8 mclucfcs cases such as acute 
intestinal obstruction and pylephlebitis with appendicitis , hence the 
high mortality but since an existing acute appendicitis was the 
primary lesion, they cannot fairly be excluded The classification is 
made on the findings at the time of operation 
If groups 1 and 2 are added together it provides a senes of 687 cases 
of acute appendicitis uith 4 deaths, a mortality o! 0 68, which is just 
about 2/8rd» of 1 per cent If the cases in group 8 are also added it 
gives a total of 817 with 26 deaths, a mortality of 818 per cent 
Groups 1 to 6 inclusive aggregate 1423 cases of acute appendicitis, of 
all degrees of seventy, \\^th 75 deaths, a mortality of 5 27 per cent 
The great lesson of these figures is that, if cases of acute appendicitis 
can be operated upon while the disease is still limited to that organ or 
Its immediate vicinity, the intervention can be earned out with a 
mortahtv of less than 3 per cent 

n, PERITONITIS 

Surgery is of value in the following conditions — 

Infectne Pmtomlis 

(1) Local injections, eg of appendix, gall-bladder, pancreas. 

Fallopian tubes, ovanan cy st with twasted pedicle, etc 

(2) Perforatiie lesions 

(i) Sudden, e g perforated ulcer of a hollow \ iscus 

(ii) Gradual, e g leaking ulcer or neoplasm of a hollow 
viscus 

(3) Traumaltc, e g {a) Postoperative 

(6) Injury to a hollow viscus 

• (c) Hjemorrhage 



ACUTE DIFFUSE PERITONITIS 997 

Generalised Infeciton wtlh Pertloinlis 

(1) Pneumococcal 

(2) Tuberculous 

Most t>pes of peritonitis tend to localize, with the formation of 
adliesions, the low-grade more than the high grade infections, so that 
the Common expressions localized and diffuse refer to stages in the 
progress of peritonitis 

All surgeons agree that wlien pentonitis is the result of perforation, 
operation is imperative When some definite septic iocus is the 
cause operation is of the greatest value and the only question is the 
stage at which it should be pierfonned On general grounds it should be 
performed at the earliest possible moment, but opinions differ on the 
advisability of operating when there is profound toxiemia and great 
distension Thus, manj surgeons operate at any stage after the 
diagnosis has been made, whereas others maintain that m manj cases 
where fort} eight hours have already elapsed since the onset, operation 
should be deferred in the hope that the infection w ill become localized 
It IS a matter for individual judgment in the particular case If a 
nile must be laid do\vn it would be fair to sa> that if, at the end of 
forty-cight hours there is no e\idence of localization, operation should 
be undertaken but if localization is beginning or progressing, expect- 
ant treatment should be considered Of course a localized abscess 
requires drainage as soon as it is recognized 

Acute Dirrusc PrniTosiTis 

Preliminary treatment, — These cases usually anse in association 
\s ith appendicitis or the perforation of some hollow % iscus As soon as 
the diagnosis is settled and while preparations arc being made for 
operation or for removal to hospital or nursing home the patient 
should be placed in Fowler s position unless in a state of grave shock 
Nothing whateier should be given by the mouth If a journey has to 
be undertaken a dose of morphia and atropine hypodermically should 
be administered 

Pre-operative treatment. — In kite cases, as judged not only by the 
lapse of time but by the degree of pathological mischief reflected in 
the clinical condition the decision when to interfere depends on the 
response to treatment Patients who look ill have a dry tongue, a 
quick pulse, chilly extremities abdominal distension and vomiting are 
in a desperate state and require prompt treatment Rest in bed. 
wannth the absence of o\cr-fussy attention and an atmosphere of 
confidence, are all good to begin with, but the indications are to make 
up for the loss of body fluids, to provide nourishment, to decompress 
the hollow \ascera to promote excretion and to relieve pun It is 
usually recommended that these patients should be nursexl in the 
Fowler position, but at this desperate stage they should be allowed 
to he in the position of greatest comfort 

Hccausc of the vomiting and distension, fluids cannot be given by 
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the mouth and it usualtj hot to bt^in mth an mt^l^cnou^ adnimis 
tration of glucose-saline solution If the blood pressure is not too 
low the mtramusculir route mav be chosen or sometimes the bowel 
A careful watch must be kept on the urman output and for signs 
of respiratory embarrassment from pulmonary reclemn The glucose 
and sahne supplj nourishment tn the form in which the tbsuea can 
most easily use it 

To decompress the hollow Mscera a stomach tube is of the greatest 
help This may be of the Rjle or the ^\angensteen tjpe which are 
easily swallowed If this measure does not bnng sufficient relief or 
if uncomfortable distension persists the 'Miller Abbot tube maj be 
substituted It is not alwaj-s eas> for the patient to sualJou tin* 
tube and it is necessary to use the \ ray to determine that it has gone 
through the duodenum If it is uncomfortable and causes distress it 
will do more harm than good and should be abandoned A distended 
colon suggested by bulging in the epigastnum and flanks may be 
emptied by the rectal tube which enables flatus that reaches the 
rectum to escape easily Often a glvccnne enema docs much more 
for It may encourage penstaUis in the colon If the gheenne faiU a 
strong salt enema (a handful of salt to a pint of water; mav act and if 
retained it does no harm Small doses (gr of strychnine given 
hypodermically every four hours stimulate the plain muscle of the 
bowel and help to restore Us tone The output of urine must be 
watched in the presence of an ample intake too small an output is i 
bad prognostic sign just as free enuresis i* of jovful augury To 
combat pain there is nothing hke morphia but it should not behistih 
gi\ en nor until the other measures suggested hiv e had an opportunity 
of proving their worth Pam is not usualJv very «evere but may be 
persistent and distressing A very <maU do'e (gr -^) of morphia 
intravenously sometimes has a wonderful effect It can be con 
veniently admimstered with a hypodermic into the rubber tube u>ed 
for the dnp This small dose may be repeated every six hours until 
the patient is completely relieved The indication for morphia is pain 
and It IS often not so successful for mere wcanness or mental distress 
For their relief chloral and bromide gr 80 of each dissolved tn water 
pe-TjeetJUDW i ozs of milk often works wonders Paralde- 
hyde (1 to 2 drachms) is equally successful but may hav e rather too 
lasting an effect it has to be diluted w ith eight times its bulk of water 
To combat circulating toxins is the root of the matter and until the 
focus can be dealt watb it seems rational to emplov any sj)ccific anti 
toxic serum For this purpose anti gas gangrene senim Ins been 
much vaunted but I have never been convmced of its v^rtue^ in 
pentomtis Convalescent •serum would meet the indications if v\t 
could ascertain the prevailing organisms and a polv v alcnt cc nv aleswnt 
<^enim would appear to be a desideratum of the first importance iht 
role of chemotherapy m pentomtis is not yet sufficiently establLhcrt 
but IS promising If the bowels move it is a good omen but reahv oi 
secondary importance and strong or repeated purgatives are harmful 



OPERATION FOR PERITONITIS 099 

\Vhen to operate — If improvement fono\\s these measures the 
surgeon must watch for the fa\ ourable moment to intervene surgically 
Tliat may come in si\ or twehe hours pr more but if at any-penod 
after six hours improvement seems to have come to a standstill any 
surgical inter\ ention felt to be necessary must be earned out In such 
cases only the minimum interference is permissible and uill probably 
consist in merely opening a localized abscess or introducing a tube into 
an unlimited collection in the pentoneal cavity 
After such an intervention the surgeon must not make the mistake 
of hastily discontinuing the measures directed to combat the peritonitis 
In some cases recovery from the pentonitis is so complete that it 
need not be interrupted for any sort of surgical intervention though 
there is always a stage when the whole problem must be reviewed so 
that steps may be taken to prevent the recurrence of a condition which 
has brought the patient so near to the grave 

Operative technique — The surgeon must realize that ground may 
be easily lost and for that reason an> proposed surgical intervention 
should be conducted with special care There must be no disturbing 
preparation and anything that is required m the way of cleansing the 
abdominal w all must be done in the theatre If a differential diagnosis 
can be made the incision is planned so as to provide the most ready 
access to the organ at fault otherwise the midlme sub umbilical 
incision IS indicated (Pig 19J D) In general terms it maj be laid 
down that the actual cause of the diffuse peritonitis whether it be a 
perforated gastric or duodenal ulcer a gangrenous appendix or gall 
bladder or whatever else must be dealt with if recovciy is to bo 
achieved so that further infection from that source ma> be prevented 
^^ereas drainage alone will be life saving in an inflammation of the 
appendix the gallbladder the pancreas or the pelvic organs it is 
necessary actually to close perforations of the stomach or duodenum 
I have never seen a ruptured ulcer recover when the operation was 
limited to the drainage of an unlimited pentoneal extravasation 
This observ ation does not apply to the incision and drainage of pen 
gastnc or pen duodenal abscesses from leaking ulcers where nature 
has already completed the process of localization Details of the 
operations required w ill be found m the appropnate sections 
After the pnmary cause has been dealt with two questions have to 
be answered (1) Shall the pentoneal cavity be flushed ’ (2) Shall the 

pentoneal cav ity be drained ? Both these questions are being answ ered 
more and more m the negative 

Flushing the peritoneal cavity — Tlie objections to this procedure 
are manj 

It IS apparent (1) that to flush out so crmplicatcd a cavitj satis 
factorilj evasceration is often necessary — a step which involves much 
handling and exposure (2) that this very handling ma> con\e> 
infection to parts possibly free from infection (3) that flushing lowers 
the bloid pressure (1) that it is open to question whether wa'«hine, 
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away gross infection really makes any difference, and (5) that the 
pentonenm if left to itself, has great power of recoveiy Though 
flushing probably makes little difference to the mortaliti one trai or 
the other, it appears to add to the incidence of mtrapentoneal com- 
plications At the present time very few surgeons flush the pentoneal 
cavity, and then only in such cases as perforated gastnc nicer where 
gross food particles may be present The “ toilet " of the peritoneum 
IS usually limited to gentle swabbing m the neighbourhood of the 
affected organ, m order to remove collections of pus or other fluid, and 
aspiration of fluid from the pelvis by suction through a tube introduced 
through a suprapubic incision Exploration of the pelvis is necessarj' 
in most acute abdominal conditions, as large quantities of fluid maj' 
gravitate there and give no sign of their presence unless routine 
in\ estigation is undertaken 


Drainage —W'here there is free fluid, which might be harmful, and 
which cannot be entirely removed, there is a natural inclination to 
drain Of late a reaction has set m agair^t dramage, and the foUovnng 
objections have been raised, viz (1) that the pentoneal exudate ma> 
be beneficial rather than harmful , (2) that the pentoneum is well able 
to control infections if the primary focus is dealt with , (8) that the 
drainage tubegeneraUy has lonoricagainst grant) , (4) that in a vei)' 
few hours the tube becomes walled in with adhesions and therefore 
drains only its own track , and (5) that the presence of a tube tends 
to form adhesions, may detemme an intestinal obstruction, and is 
generally dangerous 

These objections require consideration 

(!) The character of the pentoneal exudate vanes according to the 
length of time of bactenal invasion Its naked-eye appearances v ary 
from clear to slightly turbid or purulent fluid or fluid m whicli masses 
of lymph are floating In perforation of the stomach or duodenum 
there may be gross food particles The tendency to localization fay 
adhesions may result xn one collection of fluid being serous while 
another is purulent The cellular characters of the fluid vary widely, 
and active phagocytosis may or may not be present There is no 
doubt that the fluid first poured out by the pentoneum is protectiv c. 
but at a later stage many free bactena are found in it It was 
suggested by the late Sir David Wdkie that an immediate bacterio- 
logical evamination at the time of operation was of great value, not 
only in prognosis, but also m deciding the question of dramage A 
film of the fluid is made and is stained and examined under an oil 
immersion lens in the theatre The organisms may be found in the 
leucocytes or free m the fluid , the former location is taken to infhcate 
good resistance, the latter bad and Wilkic suggested that drainage was 
then advisable ^ , 

(2) There is no doubt that the pentoneum has great powers oi 
resisting and overcoming infections , indeed, if it had not the<e powers, 
we should have few successes to record 
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(51) That drainape assisted by gravity has ni my advantages is seen 
m the rapid clearing up of a pehic abscess opened per rectum or per 
tagtnam But fluid does dram from the pelvis bj a tube placed through 
a suprapubic wound even though it is against gravity Tubes placed 
among the intestinal coils are w orse than useless The gauze dram also 
IS inefficient and leads to the formation of adhesions and *' pocketing ” 
It has been suggested that the pelvis may be drained adequately from 
the front if the patient is prone This has many disadvantages from 
the patient s point of view, and can rarely be maintained for a sufficient 
length of time to be of much value 

(4) The statement that the tube is walled off by adhesions in twenty- 
four hours and thereafter drams only its track is not entirely true 
The amount of fluid which may sometimes dram away during the first 
few days cannot all come from a narrow track 

(5) Tliat the presence of a tube may lead to intestinal obstruction 
or even to fiecal fistula is true, but only if it is left tti stlu for too long 
Only one tube should be used, and it should extend to the floor of the 
pelvis It should be removed or shortened in forty-eight hours, or as 
soon aftenvards as the character of the discharge will permit As soon 
as the discharge is serous drainage may be discontinued altogether 

To sum up the question of drainage in diffuse peritonitis, it may 
be said that the earlier the cases are operated upon the less the need 
for drainage Perforations of stomach and duodenum can usually be 
treated without drainage and cannot be classed with the appendi\ 
perforations Serous (non-turbid) exudates do not need dramage 
unless there is a tendency to localization by adhesions If drainage be 
used, one tube only should be inserted, and Uiat should reach to the 
floor of the pelvis Fowler s position renders other tubes unnecessary 
Some surgeons still prefer a glass tube long enough to reach to the floor 
of the pelvis, Its lower 2 in perforated by many small lioles (Keith’s 
tube) The advantages o\ cr a rubber tube are that it is easily inserted, 
it cannot get kinked, and the holes are numerous and small and not 
likely all to become obstructed by lymph After twenty-fonror thirtv- 
SL\ hours such a tube can be replaced bj a rubber tube or stnp of 
rubber if drainage cannot be dispensed with altogether 

let merst s!i!i^t:or?s rubber iirs.'nsge-tiibes ure tbs ruust geueraby 
useful, but they should always be soft It is better to soften a tube by 
cutting It in a spiral fashion along its length rather than by making 
lateral holes Omentum or even small bowel is very apt to find its 
way into holes and may become strangulated, and may be withdrawn 
from the abdomen when tubes arc removed To reduce the liability 
to this accident it is wise to turn the tube round once or twice every 
day Rubber sheeting such as dentists use, is convenient when there 
IS no actual collection to be drained away and it is merely a question 
of providing a track to the surface Very’ often, leaving a drain in an 
appendix case seems to prevent suppuration in the parietes even if it 
docs not materially affect the progress of the pentoneal conihtion 
Tlierc IS much to support the view that Ihe presence of a foreign body 
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Its*^direction" “'it' tends to set tlic flon of exudate in 

n announcement bt J B Ifiirph} at the 

cntish Medical As«oaation meeting at Toronto in 190r ot his method 
peritonitis r?\ olutionized the conduct of these cases and 
Jed to an immediate improi ement in results The main features of fus 
method uere the adoption of the Fouler position (the patient being 
supported m a sitting position at an angle of 1')® to the honzontalj 
drainage of the pehis and the continuous administration of nonnal 
saline solution by the rectum at a slou e\en rate ( Murphj s dnp ) 

Fouler s position and the administration of ‘^Ime per rectum ha\e 
been unuersally adopted The question of drainage has been dis- 
cussed abo\e In other details the after treatment is conducted on 
the lines indicated for pre-operatue treatment (p 997) MTiat is 
"aid about meteon«m (p 100-1) may aUo be applicable 

Corophcations — Suhphremc abscess of the mtrapentoneal tvpe 
as a complication of diffuse pentonitis is seen most commonly after 
gastnc and duodenal perforations though it occurs occasionallv after 
acute appendicitis Extrapentoneal subphremc abscess does not 
foUoH diffuse pentonitis but mat beseenafterarctrocTcalappendjceaJ 
abscess 

There is no doubt that the madence of subphremc abscoss has be«n 
much reduced by the adoption of Fow/ers position m the after treat 
ment and bv the abandonment of irrigation of the general pentoneum 
Its duel danger lies m the difficulty of diagnosis leadmg to delav m 
treatment 

Diagnosis depends on recognizing the importance of early Might 
chest symptoms and signs Examination by the fluorescent screen is 
most ^ aluable \i'hene\ er the condition is suspected repeated 
evammation and careful uatchfulness are essential The explonng 
needle is often the final arbiter but it must be of sufficient leng^ anJ 
bore and used u ith great circumspection Mhen the surgeon has good 
reason to suspect such an abscess the exploration is better done on the 
operating table so that the needle may be left in situ as a guide and the 
operation proceeded m ith there and then 

Treatment — •There are three routre lor drotnoge — [\) iTtnn abose 
transpleural through the diaphragm C’) from belo\\ by incision in 
the hypochondnum and (3) from behmd after excision of the 12th 
nb The axenue to be employed is> dictated by the situation of the 
abscess 

(1) Steps of transpleural operation — ^The patient should be turned 
o\ er to the sound '^ide as httle as possible consistent \\ ith a satisfacton 
exposure of the area of operation as it is important to a\ oid resecting 
the mo\ ements of the sound lung An mctaion 4 in long is made oi er 
and in the long axis of the ‘»th or 10th nb ith its centre o%er the mid 
axillary or postenor axillary hne The nb is resected subpenosteaiiv 
for the whole length of the incision The nb cho=en muat not m any 
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case be higher than the 8th, or the nevt step may be impossible 
A clean cut incision is made through the penosteum and the pleura is 
opened The diaphragm wiU present, and, if it is pushed up by the 
abscess, it ill be easy to suture its upper surface to the incised parietal 
pleura Fig 408, p 764) In thi? way the pleural cavity is shut off 
The diaphragm is then incised and the abscess opened A large 
drainage tube is inserted and the wound partially sutured 

(2) Drainage from below — This operation, of less general value than 
that just described, is carried out through an incision, parallel with the 
rib cartilages, in the right hypochondnum beginning just outside the 
hnea semilunaris and extending outwards for 8 in The edge of the liver 
will probably be adherent to the parietal peritoneum, the general 
cavity in the vicinity being occluded Tlie abscess is opened by 
separating the adherent liver from the parietes 

(3) Drainage from behind after excision of the Vllh rib — This is the 
method associated uith the names of Ochsner and Graves An 
incision IS made along the length of the nb , after its removal a 
transverse incision is made through the attachment of the diaphragm 
The retroperitoneal tissue is opened above the kidney The abscess 
IS found by working upwards and inwards with the finger {see p 704) 

PeWic abscess — Occasionally, after operation for diffuse pcntonitis 
a secondary abscess forms in the recto \esical pouch or in the pouch 
of Douglas, either as the result of inadequate drainage or because an 
infected area has become shut off by jidhesions The characteristic 
features are pain, tenesmus w ith passage of mucus, patulous anus and a 
rounded tender sw elhng bulging the anterior w all of the rectum w ithm 
easy reach of the finger 

Hiese abscesses ma> be drained from abo\c or below, the latter 
route bemg by far the most satisfactory 

Drainage from ahoLC — This is generally done through the original 
incision, adhesions being gently separated by the finger until the 
abscess is reached Tlie operation is not without danger, owing to the 
nsk of re-mfectmg the general peritoneal cavity or doing some injury 
to the Intestinal cods forming the absccsS-waU Of these the latter 
is the more serious and a small-intestme f-ecal fistula is not an 
infrequent sequel 

Drainage from bcloiv — As the abscess increases in size it comes into 
close relation with the anterior wall of the rectum and tends to point 
in this situation It may rupture spontaneously into this part of 
the bowel 

Drainage can be effected either through the rectum or, in marned 
women through the posterior vaginal fomi\ The latter avoids 
the nsk of fajcal contamination, but in practice this risk can be 
dismissed and the rectal route is generally chosen and is in ev'cry 
way’ satisfactory It should alwavs be used when the abscess presents 
per rectum 

The rectum is usually empty as the r«uit of tenesmus, but if not it 
must be thoroughly cleared by enemata and irrigation The patient 



1004 OPERATIONS FOR APPENDICITIS AND PERITONITIS 

IS placed m the lithotomy posiUon, the buttocks being draum iieU over 
the end of the table It is imperatue that the bladder be empty, and 
if necessarv a catheter should be used on the operating table A short 
Kellj ’s rectal speculum is inserted and at its e\tremity the front wall 
of the rectum is exposed and the site of the abscess defined The 
presence of the abscess must be confirm^ b> the explonng needle and 
s>Tmge Wien the pus has been demonstrated the needle is left in si/h 
and a pair of sinus forceps or a knife is then passed along by the side 
of the needle and through the rectal wall into the abscess (Fig 499) 
There ib nothing gained bj making the incision m any special direction 
nor is it necessary to attempt to make a xalvnilar opening The opening 
is sufficiently enlarged to allow thepassageofalittle finger-sizedrainage 
tube This should be long enough to extend beyond the anal margin 
to which it should be attached by a single silkworm gut suture The 
abscess ca\itv does not require 
emptying by pressure from abo\ e 
nor should it be imgated The 
tube may be remov^ in about 
four days for by that time the 
track is well established Dis* 
charge ceases quickly, and it is 
characteristic of these cases that 
recoxery is rapid As the small 
intestine is pushed up by the 
gradual collection of fluid in the 
peKns there is little nsk of in 
jury but as the abscess contracts 
the small intestme is drawn down 
to the floor of the pehns where it 
mav become kinked and ob- 
499 — Opening a pelvic abscess using structcd A\Tien the abscess IS a 
Kelly sshort speculum and sinus forceps complication of appendlCltlb an 

operation for remoxal of the 
offendmg organ must be considered As a general rule subsequent 
laparotomv should be postponed for six or more weeks 
Meteonsm (paralytic or adynamic ileus) — Paraly tie ileus la a con 
dition usuaffy supervemng on septic pentonitis, m wirrei catestins! 
obstruction occurs not as a result of a mechanical block but from 
paralysis of peristalsis It usualU appears twentv four to forty -eight 
hours after operation and presents the two features of intestinal 
obstruebon and toxiemia There is cessation of the passage of gas 
and f^es, very often accompanied b\ abdominal distension Colicky 
pain IS absent but the distension causes great discomfort Regurgitant 
vomiting of the tx^ncal dirty brown fluid is common but feculent 
xomiting IS rare The face becomes drawm and anxious, the tongue 
dry , the puLe and respiration ratesteaddy increase, and pube tension 
becomes progressu ely low er Restlessness de\ elops and thirst increases 
as toxtemia is established By the time this stage is reached probably 
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every method has been tried to re-start peristalsis and to e^^cuate the 
bowel 

Rational treatment can only be based on the assumption that there 
are certain retiological factors with which the surgeon has to deal 
Toxiemia, the result of the absorption of bacterial products either from 
the peritoneum or from the bowel, is probably the most important 
factor Exhaustion o! the neuro muscular mechanism and loss of tone 
of the muscle of the bowel wall, as the result of distension, are other 
factors Loss of fluid and chlorides, the consequence of vomiting and 
hyper-secretion into the bowel are also verj important A possible 
psychological feature must not be o\erlooked, for the patient mav be 
anxious because vomiting persists, or the bowels do not act, or natural 
sleep IS denied him This state is often increased bj the undisguised 
apprehensi\e anxietj which is sometimes allowed to surround the 
sick-bed 


General management — What has alreadi been said about the treat- 
ment of pentonitis (p 997) applies to this condition If we onij 
Knew of some specific antitoxin U would be the sheet anchor of treat- 
ment, but unfortunateU there is much doubt about the eflicicnc> of 
any of the sera at present known At the outset there can be no harm 
in administering a purgative it is only the repeated use of pui^atives 
which prove ineffective that is so physically and mentally distressing 
In this condition nothing equals castor oil but it must be properly 
admimstered • Should the oil be vomited, then calomel may Ikj 
tried Three grams are given m dmded doses, half a gram every 
half hour this is often efficient In either case if there is no result 
an enema (glycerine 3ij or soap and water Oj) should be administered 
four hours after the oil or an hour after the last dose of calomel 
If the toxins cannot be cleared out by the bowel or neutralized they 
must be diluted, and excretion by the kidneys promoted These 
objects are attained by an abundant intake of fluid ^ Exhaustion calls 
for food and stimulant Tissue nounshment is supplied by intravenous 
chlondes and glucose, and stimulant may take the form of small doses 
of strychnine hypodermically Patients who have been accustomed 
to alcohol should not be denied their favourite fillip, for a very senous 
illness IS not the time for the blue nbbon propaganda of the temperance 
advocate The decompression of the intestines to mitigate the harmful 
distress of distension and to encourage the return of tone to the bowel 
wall IS most helpful, and it is particularly m these cases that wc may 
come to rely more and more on the Jliller-Abbott tube But if that 
apparatus is not available, the stomach tube can do a great deal 
When the v iscus has been emptied and confidence in the epigastrium 
restored, the patient may be allowed small drinks if thirst is insistent 
Generally speaking, very hot drinks are better than told , the practice 
of giving ice to suck has no sa^ng virtue whatever In these cases 
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nature cn^ out for sleep, and this is alwa>s mfKt beneficial Tin* 
measures detailed ma\ bring «tlumbcr. but if the\ do not and dnigs 
are nccessar\ , it should be remembered that combimtion> of Hdatnaw 
im> act well Aspirin gr 10 crushed «p with gr } of morphia given 
as a powder is often succe«.sful If the route b\ the mouth is not 
considered advisable, pot brom gr \\ with a'pinn gr w givin n 
emulsion per rtetum is useful and ina\ Ik. combined wnth a \cr\ <nn!l 
(Rf Vj) intravenous dose of morphia Patants should lx. cncoungcd 
to court sleep in cverj possible vvaj for a fiw mmutts everj now ind 
then mav mean in the ijuite a relre->hmg slitmttcr 77te idc t 

of fighting sleep dunng the dav m the c\}x^^.tltlon that at night 
Morpheus will oblige is fallacious Most patients ihrivt comfort from 
warmth to the abdomen and it mav do more than merth sofilhc, for 
sometimes intestinal movements art stimulated The inhalation o^ 
9 j {>cr cent owgcn is certamh helpful and mav liegivcnwith aprofXT 
face mask for three hours out of four and continutd in that wav for 
21 hours Wlitn the measures outlincil cnlirJj fail spinal anxstlie<n 
ma> be tried but tillhoiigh sometimes the result is dramatic it is 
more often disappointing 

WTicn all efforts <arc unavailing and the condition i- dttinorating 
as showaa b\ a n«ing puNe tncrea'ing distension ami continued intestinal 
regurgitation the (juostion of draining the mtcstini i stimallv will have 
to be considered In appendicitis so main cases improve after tla 
spontaneous development of \ faxil listuh that nittirr’s plan m u be 
imitated Not infrequenth the original incision is over the crcuni 
which IS adherent to the parictcs making U salt to ojkii tint pirt of 
tlu bowel at the bottom of the wemnd after nnioval of some of the 
sutures. If this is followed In a copious di'Chargi ofintia»linalcoments, 
the gooei effect ma) lx dramatic Miould tlicre l)e no rc'^uli, flushing 
the CTxum with ver\ hot water maj proelucc an outpouring or i 
catheter nia> Iw passed along the ileum and the snnll Ijow 1 1 img itee! 

If tfieso measures fail rhe surgeon has the choice of making a fonm! 
c.tcostom) or cntirostomv or oinning the aMomtn for (\plorilion 
and to effect an anastomosis l)etwctn the small Ik*wc 1 nlxni an iiifluu 
m iton lesion or localircel pare tie are i and thcimaffeeteil U>wel b^vnn 1 

Ca'costoms — ^Thc condition of tlu patunt den's not allow aneldjonte 
ntual and focaf ana‘«thosu sfuiiifd fx ustxf fragenorafamstficficis 
neccssarv gas and-owgon is far tlu sift>i An incbion is mad as fnr 
appenelict'ctomv or. if an apixndicectomv has lx cii tlu first operatioi’ 
the w omul is re ojumcel Hic subscejuent steps of the ojx't itmu are as 
described at p SOO Tfit tulx’ from the cTcum is I.d throigh the 
dressings ami connected to a tulic leaehng toarcetivcr Ifmipove- 
ment is to follow u doe*s so at imtt The tulx mav lx reuiovvul^at 
the end of a week or ten divs Mluntlu n i tliml sliown in I ic •'”* 
iscmplovcel the opening mn lx expected to elo^r sp^mlaefaui-h ii 
two to four weeks after tin removal of the lulx 

LiilrroUo»i\ —If it lx el'X ided to dram the small intcstin* . ih.' nfe 
for the opening should be as low as jiossjbh to mnrd agairsi IIk 
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of starvition b> too great a loss of intcstmal contents and absorbing 
area Local anesthesia or gas and oxj gen should be used The 
subsequent steps of the operation are as desenbed at p 900 After 
immediate drainage of the intestine has ceased the bouel maj be 
washed out with saline solution Though tins is a life saving operation 
It has the grave disadvantage that a fTcal fistula ma> form high up in 
the intestinal tract The greatest care is necessary to prevent e\cona 
tion of the skin and painting with white of egg or milk is helpful 



p g ^00 — Cacostomj by purse sir ng invaginal on A de Pezzer catheter 
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If there i» copious persistent ocape of inttstmal contents the fistula 
must be do cd as soon as possible 

hhorl circuiting ■ — To avoid the formation of a fxcal fistula and at the 
same time to ov ercomc the obstruction and drain the upper tract it has 
been proposed to anastomose the intestine above to some jiart of the 
intestine below the paralysed part Tins method of treatment was first 
brought before the profession by Sampson Handley in 1915 He names 
the associated condition ileus duplex and recommends tliat an 
anastomosis be made between the ileum above the paralvsed part and 
the colon preferably the ca;cum and that a safety-valve lx. provided 
b\ tving a self retaining catheter into the CTcum at the «amt. time 
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From time to time he has reported successes, m cases m ivhich this 
method has been emplojed but it has not been generallv adopted 
But in an> case these operations are only to be looked upon as incidents 
m the management of the condition and the genera] measures already 
detailed must be continued until recovery seems assured 

Pneumococcal Peritonitis 

Pneumococcal pentonitis usually occurs in female children under 
ten It may be acute (diffuse) or chronic (encjsted) and it ma> be 
primaiy or secondary, to some focus elsewhere especially pneumonia 
In the acute form it presents most of the characters of an acute diffuse 
peritonitis and it is almost impossible to make a differential diagnosis 
before operation The distinguishing features are (1) the presence of 
some other infective focus especiidly pneumoma (2) onset with 
ngors or herpes labiahs (3) pam vonutmg and iiarrhaa (4) earl} 
free fluid (5) marked leucocjdosis (6) preponderance among females 
and children The temperature does not run high and if the patient 
IS going to recov er or to reach the chronic stage the symptoms gradually 
subside over a period of twelve to fourteen days 

Should the chronic stage supervene an abscess fonns painlessly and 
localizes below the level of the umbihcus The diarrhrea ceases but 
the temperature fluctuates and there is marked loss of w eight Finall} 
if untreated the abscess usually discharges at the umbilicus resultmg 
either in recovery or in secondary infection when death may follow 

VTiether the diffuse and the encjsted types are merely stages m 
the same disease or whether they depend for their differentiation on 
strains of pneumococcus of varying virulence is a question not yet 
decided If we could besuce that every diffuse-tjpe case had a chance 
of becommg encysted tliere would be a great deal to be said for 
deferring operation 

In practice it is less harmful to open the abdomen in this disease 
with hftle hope of improiement than it is to miss the opportunity of 
removing an acutely inflamed appendtx comphcated by diffuse 
peritonitis 

Technique —In the acute cases the abdomen is better opened over 
the appendix region so that if that organ is at fault it can be readd} 
removed Thick slimy CKra-offettsuv evadafte is charaofcwsf.w fv 
pneumococcic mfection Dramage is better avoided when the exudate 
IS very watery and the coils of intestme distended In other circum 
stances or if there is the slightest suspicion of an appendicular ongm 
a dram is essential In the chronic localized form a pomtmg abscess 
near the umbihcus should be mcised there in other cases a midhne 
mcision below the umbilicus will be the most direct route to the 
collection Abscesses m this type of peritonitis do not tend to pomt 
■Per recium Dramage b} tube of forefinger size is all that is required 
In the V ery 01 patients w ith marked constitutional disturbance chemo 
therap} may be helpful just as blood transfusion ma} he so uselui 
in the debihtated chrome case 
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Results — The diffuse tjpe has been attended bj a deplorable 
mortality and further evpenence must be auaitcd as to the influence 
of the newer drugs of the sulphanilamtde group Tlie cases m which 
a locahzejl collection can be opened and drained do ver\ well 

TUBERCULOUS PERITONITIS 
Of the three types of tuberculous pentomtis the ascUtc the fibrous 
or adhesive and the ulcerous only the first is usually considered 
amenable to surgical treatment If operation has to be done in either 
of the other types it is undertaken rather w ith a view to cleanng up a 
diagnosis or dealmg with a complication generally intestinal ob* 
struction than in the hope of effecting a cure It is quite possible 
that the so called ulcerous type is really the final stage of a caseating 
mesenteric gland tuberculosis and intervention to be successful must 
take place at a much earlier tune It seems certain that operations 
in these later stages do more harm than good they are often followed 
by fTcal fistula and death and although there are brilliant exceptions 
the object aimed at — namely the relief of intestinal obstruction— is 
not often attained In the fibrous type results are better poor as thej 
are and there is a cliance of relieving obstruction if the area affected 
IS more or less localized It is as well to sa> definitely that in the 
absence of mtcstinal obstruction the value of an operation to cure 
cases of either of these two types is very doubtful In the asetitc type 
an exploratory laparotomy is often followed by complete recoverj 
and is attended by a very low mortahty 
In cases that have been for long at a standstill the rapid impro\e 
ment which may follow surgical intervention fully justifies the use of 
liparotomy in this disease None the less operation should onI> be 
regarded as an incident m the management and those general and 
hygienic measures which tuberculosis always demands must be con 
tinued for long aften\ards 

Technique — The operation consists in a median sub umbihcal 
laparotomy the release of fluid and closure without drainage The 
peritoneum should be sew n up w ith absorbable sutures and the rest 
of the abdominal wall m one layer with through and through silb\onn 
sutures Xayer suture with catgut seems to encourage the devdop 
ment of tuberculosis m the avound The Majos report good results 
after removal of tuberculous Fallopian tubes in adults but this step 
IS not considered advantageous at any rate as a routme inthiscountrj 
In the adhesne type the mere opening of the pentoneal cavity some- 
times starts the curative process Quite often cases that have been 
at a standstill or even going downliiU begin to improve at once and 
go on to complete recov cry In this type tlie surgeon must resist the 
temptation to separate adherent coils of intestine for not only is this 
step unnecessary but it is very likely to be followed by fxcal fistula 

Contra-iodicatiODS — Operation should not be advised until the 
patient has had the chance of a thorough tnal of conserv ativx measures 
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under the best conditions obtainable A « ell arranged and supen ise 1 
anti tnlKrculosis regimen ts an essential part of the after treatment of 
ca^ subjected to operation In cases luth generalized or pulmonary 
tuberculosis or ruth eiidence of tuberculous ententis, interference is 
useless ' 

Results.— In companng results obtained bv medical and by surgical 
treatment, the after-histones ha\e not been earned far enough to allow 
more than a speculative estimate A considerable number of the cases 
go rapidly dowTihill under medical management and surgical mter- 
lention will not saie them But cases that improie con<aderablj 
under a medical regimen, and then come to a standstill, often recoier 
completely after laparotomy Rapid los> of weight and (Jiazrhcea are 
of lery grave prognostic import 


TUBERCULOUS MESENTERIC GLANDS 

Operation ma} be neces-^ary for tuberculous glands in the mesenterv 
which are gmng nse to s\Tnptoms or complications The&c glands 
generally occur la the mesentery of the fow er deum or the i/co>cohc 
angle, and are probabK infected with tubercle bacilli from milk, after 
resistance has been lowered b\ undetermined causes They may be 
considered, therefore, as a local condition comparable m many respects 
with tuberculousglandsmtheneck The> occur m three forms, which 
are merelj ^ anations in degree In the first stage the gland is enlarged 
but presents no unusual appearance, and its 'erous co%enng is not 
affected In this stage s>TOptoms maj be complained of, chiefly the 
characteristic ‘=hort-lued colicky pain, but complications other than 
peristaltic anomalies do not occur In the second stage caseation is 
present, and the gland maj' be transformed into a large collection of 
pultaceous matenal surrounded b> a thin walled capsule It is tins 
stage w hich is dangerous, for the pentoneal co\ enng becomes affected 
and adhesions ma> form between neighbouring glands or between the 
gland and a loop of intestine Or the capsule may gn e w aj , flooding 
the pentoneum with caseous matenal, or more gradually a condition 
maj arise which u* indistinguishable from the so-called ulcerous t 3 pe 
of tuberculous peritonitis The third stage, of calcareous degeneration, 
IS a quiescent stage in which the pentoneum is intact over the gland, 
and complications are less Iikelj The stage which justifies operation, 
therefore, is caseatmg glands, and that alone It must be remembered 
that usuallj all three stages are present together m cases of long 
standing 

Complications.— As complications are a very important " risk ” vn 
these case-*, it is as well to consider their frequenc} In a paper oas«xI 
on 50 cases, read before the Medical Soaety of London,* H W Carson 
reuorted an intestmal kink m 5 cases*or 39 w ith **. typical ’ sj^mptoms 
and m the 11 cases with *' atypical ’* sjmptom:, there were 3 cas&» oi 

• Uri Ste LohI Tmm, 1918 xli, 
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intussusception and 5 cases of other types of intestinal obstruction, so 
that in the 60 cases there were 13 instances of actual or potential 
obstniction. in one case causing the death of the patient G H Colt 
and G N Clark* only encountered 18 examples of obstruction among 
239 cases reviewed 

Indications for operation.— Not infrequently, attacks of abdominal 
pain attributed to tuberculous glands in the mesentery are really due 
to mild recurrent appendicitis For this reason unless there is some 
contra-indication such as the presence of aetzv e tuberculosis elsewhere, 
exploration should usually be advised It is something of a tragedy to 
condemn a patient to an antituberculous regimen or to some degree of 
invalidism when so simple an intervention as removal of the appendix 
may cure But the converse is true and when patients are not cured 
by removal of the appendix there is a tendenej' to attribute residual 
symptoms to the tuberculous glands which may have been discovered 
at operation The accidental discovery of calcareous glands on X-ray 
examination does not in itself justify operation but laparotomy should 
certainly be considered if the patient is suffering from symptoms not 
otherwise explained In certain circumstances the question anses 
whether the removal of the glands will bnng about cure , the late Mr 
Carson advocated removal and his practice is followed by G H Colt 
{\%dc supra) 

Technique. — The abdomen is opened m the midlme below the 
umbilicus, and the mesentery is examined beginning at the ileo-crecal 
junction If the conditions arc such that intestinal obstruction appears 
likely bands or adhesions may be dealt with but the surgeon must 
always remember that as a result the lumen of the bowel may be 
opened and must be verj carefiill> repaired A single well-localized 
active-looking caseous gland certainly .invntes removal, but several 
such glands adhering or forming a large mass are better left alone 
The glands cannot be shelled out but must be removed by dissection, 
the whole gland being cleanly excised with the knife It is not advised 
to incise and curette though this maj be necessarj when glands 
burst dunng attempts at removal Or are especiillj adherent After 
remov'al the greatest care must be taken to sew up the incision in the 
serosa In some cases, where the latter is adherent to both surfaces 
of the gland the removal leaves a hole in the mesentery’, and this 
should be closed Great care must be taken not to puncture or other- 
wise damage the mesenteric vessels Jamieson and Dobsonf give 
warning of the close relationship of the ileo-colic chain of glands to the 
ileo colic artery and vein 

In rare instances it may be necessary' to resect a portion of intestine 
This necessity will especially’ arise when a considerable mass of glands 
abuts on the mesenteric border of the intestine In these circumstances 
the bowel may be stretched over the gland or nny be kinked or 
narrowed or ulcerated at this point Care imist be taken to see tint 

• s.r/ Cyn «|U O'ttrf, Dx 1937 l»r 771 

r laiKii ijer I tm 
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the glands do not extend up to the root of the rnesenter> as tbs would 
entail an unnecessarily large resection \Vhen resection seems umnse 
a short circuit may be substituted wth confidence In many cases 
the glands become quiescent after mere openmg of the abdomen and 
this should be borne in mmd when their removal would entail a severe 
operation In e\ erj case the intestine is examined for ulcers or kmks 
and a general survey undertaken of the abdominal \iscera for otlier 
evndences of tuberculosis The appendix should alwajs be removed 
and the abdomen closed w ithout drainage Adhesions are apt to follow 
intervention in these cases and Colt recommends that the abdomen 
should be filled w ith saline at the conclusion of the operation Catgut is 
used throughout for the peritoneal sutures w ith through and through 
sillavorm gut for the other la>ers 

If complications are present they must be treated on general 
principles In obstruction it is useless to make an artificial anus 
proximal to the obstruction and an anastomosis short-circuiting the 
mass of glands wiU probably be the best means of relief 
Results — The operative mortality is about 5 per cent but that 
includes the cases complicated by intestinal obstruction Of those 
who recover the majority are relieved of their sjoriptoms though in a 
small proportion tuberculosis develops elsewhere 
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